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MANAGEMENT SCIENCE: 
A NEW FIELD FOR APPLIED MATHEMATICIANS* 


By William Prager 
Division of Applied Mathematics 
Brown University 


As the title indicates, my talk is concerned with a new field 
of scientific endeavour called “Management Science.” I shall not 
attempt to define this term at this time; rather, I will discuss 
some typical problems from this field and indicate the type of 
analysis that is used in their solution. 


When I began organizing this talk, I remembered an advertise- 
ment which I had repeatedly seen in some scientific journal. This 
advertisement stated that a certain company was looking for a 
special kind of mathematician and was willing to pay especially 
well for his services. It went on to specify more precisely the 
educational background and scientific inclinations of this special 
kind of mathematician and finally stated that he would work as 
top-level consultant to business executives. Among the scien- 
tific inclinations which the advertisement enumerated was a liking 
for mathematical puzzles. 


Of course, no sooner had I decided that this advertisement 
would make an ideal starting point for this talk, than the company 
stopped running it, and despite several attempts I have not been 
able to locate the journal where I had seen it. Thus, I cannot pro- 
ject this advertisement onto the screen, as I should have liked to 
do, but I will nevertheless use it as a spring board. 


What strikes us as curious in this advertisement is that a 
liking for, and presumably skill in dealing with mathematical puz- 
zles should be listed as one of the qualifications of this mathe- 
matical consultant to management. Actually, this is not as strik- 
ing as it may appear at first sight. Consider, for instance, the 
following well-known puzzle, which is attributed to Alcuin, the 
teacher of Charlemagne. 


* Lecture given before the Brown Chapter of the Society of the 
Sigma Xi on April 19, 1956. 
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A farmers who is bringing a goat, a basket of cabbage, and of 
all things, a wolf to the market town has to cross a river using a 
boat that accommodates, in addition to himself, only one of his 
three commodities. How will he manage to ferry these across the 
river in view of the fact that the goat must not be left alone with 
either the wolf or the cabbage? 


You probably have come across this puzzle before and may 
wonder whether the mathematical consultant could do much to help 
the farmer, short of trying various courses of action and discard- 
ing those that do not work, until he finally stumbles upon one that 
does work. While this procedure is quite adequate for the simple 
problem considered here, a systematic survey of all possibilities 
is indicated for more complex problems. In the present case, such 
a survey can be made as follows. 


Using the initials F, C, G, and W to indicate farmer, cabbage, 
goat, and wolf, specify a “state” of the system by listing the in- 
itials of those items that are on the near side of the river, and 
employ O to denote the desired final state in which all items are 
on the far side. Our task then is to make the system pass from the 
initial state FCGW through some intermediate states to the final 
state O. Disregarding all restrictions, we would have the 16 
states listed in Fig. 1. 


(FC) 





FG 
(Fw) (CGw) (F) 


(CG) Fw 


G 
FOGW cw FCW — w 
(Gw) Fay ees 








oe a + RR DS 














1956 MANAGEMENT SCIENCE 206 


Now, states containing the letter groups CG or GW without 
also containing the letter F can be ruled out, because the goat 
would be on the near side with either the cabbage or the wolf 
without the supervision of the farmer. Similarly, states containing 
F without containing either G or CW can be ruled out, because the 
goat would then be on the far side with either the cabbage or the 
wolf without the supervision of the farmer. We see that these con- 
ditions rule out the 6 states that are enclosed in parentheses in 
Fig. 1. 


We now connect two of the remaining states by a line if the 
system can be made to pass from one to the other by a single trip 
of the boat. Since the farmer operates the boat, states so con- 
nected must differ by the letter F. Also, since the farmer can 
transport at most one commodity at a time, states so connected 
differ at most by one letter in addition to the letter F. Following 
these rules, we obtain what the topologists call a linear graph 
(Fig. 1), which has the states of the system as vertices and the 
possible managerial actions as arcs. This action graph shows 
that there are two ways of accomplishing the task, each requiring 
seven crossings of the river. 


Linear graphs of this kind, indicating all possible actions 
and their results will obviously be useful in many management 
problems. Of course, the action graph for any real problem is 
likely to be much more complex than that for our artificial 
problem. 


The following are typical questions that may be asked with 
respect to a given action graph. What is the number of paths 
leading from the given initial state to the desired final state? 
Are there essential states or essential actions in the sense that 
all solutions involve these states or actions? For the graph of 
our simple problem such questions can be answered by inspection, 
but computation may be required for a realistic action graph. For 
this purpose, the structure of the graph is described by a square 
array of zeros and ones. To each state there corresponds a row 
and a column of this array. If X and Y are two arbitrary states, a 
one or a zero is entered at the intersections of row X with column 
Y (and also at the intersection of column X with row Y) according 
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to whether X and Y are joined by a single arc of the action graph 
or not. The square array of numbers obtained in this manner is i 
called the structural matrix of the graph. Figure 2 shows a sim- 
ple graph and its structural matrix. 


Since the structural matrix gives a complete description of 
the graph, many questions regarding the graph can be answered by 
performing numerical operations on this matrix. As an example, 
we mention the computation of the distance matrix in which the 
number at the intersection of row X and column Y indicates the 
smallest number of steps by which one can pass from one of these 
states to the other. The structural matrix M, its square M, and 
its cube M? are shown in Fig. 3. Unfortunately, time does not 
permit me to discuss the manner in which these powers are com- 
puted; the important point is that this computation can be per- 
formed without reference to the graph represented by the matrix M. 
Having computed these powers, we are ready to construct the dis- 
tance matrix D. Firstly, we put zeros into all cells of the main | 
diagonal (i.e. the diagonal joining the top left and bottom right 
corners). We then write ones where the matrix M has ones. We 
next write a two into any still open cell in which the matrix M” 
has a non-zero element. Finally, we write a three into any still 
open cell in which the matrix M” has a non-zero element. In our 
example all cells in the distance matrix are now filled. Had there 
still been any open cells, we would have had to compute M* and 
write a four into any still open cell in which M‘ has a non-zero 
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In Alcuin’s problem, each of the crossings may be assumed 
to take the same time. In more complicated problems, different 
costs in terms of time or money may be attributed to the various 
managerial actions, and we may wish to find the solution of 
smallest total cost. 


Alcuin’s problem may be described as a problem of transpor- 
tation with rather artificial constraints. The following more 
realistic transportation problem has been thoroughly discussed in 
recent years. A homogeneous product is produced in specified 
amounts at several production centers and consumed in specified 
amounts at several consumption centers, the rotal consumption 
equalling the total production. The cost of shipping a unit amount 
from a given production center to a given consumption center is 
supposed to be independent of the amount shipped between these 
centers. This specific transportation cost is known for all pairs 
of production and consumption centers. The shipping program that 
minimizes the total cost of transportation is to be determined. 


Let it be asserted that a specified program is optimal. How 
can we test this assertion? 
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The discussion of this question is facilitated by the use of a 
linear graph that represents the given shipping program. The 
vertices of this graph are arranged in two columns, the vertices 
on the left representing the production centers and those on the 
right representing the consumption centers (Fig.4). If the given 
program involves a shipment from a given production center to a 
given consumption center, these centers are joined by an arc of 


the graph. 


Let us assume that this graph is connected, i.e., that any two 
vertices are joined by a chain of arcs of the graph. We wish to 
find out how a change of the given program affects the total trans- 
portation cost. Suppose we try to increase the shipment along AB 
by an amount x. Since this would bring more of the product to B 
than will be consumed there, we must, at the same time, decrease 
the shipment along CB by the amount x. While we now have re- 
stored the balance at B, we have disturbed it at A and C, since 
more is shipped from A and less from C than is produced at these 
centers. We can restore the overall balance by decréasing the 
amount shipped along AD by x and, at the same time, increasing 
the amount shipped along CD by x. The total change of the pro- 
gram can then be interpreted as the superposition of a circular 
flow of intensity x along the circuit ABCD. The resulting change 
C in the total cost is 


C =(¢, ~e, + eo, ~c, ) x, 


where c,, C2, C3, and c,, are the specific costs for AB, CB, CD, 

and AD. The contents of the parentheses in the expression for C 
will be called the specific cost for the considered circuit. It is 
worth noting that x cannot be chosen arbitrarily large. Since the | 
flows along CB and AD are decreased by x each, and since we 

cannot have negative shipments in any program, x must not ex- 

ceed the smaller of the amounts that are shipped along CB and AD. 


It is readily seen that any admissible change of a program 
amounts to the superposition of a circular flow along some circuit. 
Two kinds of circuits must be distinguished with respect to the 
given program. A circuit of the first kind exclusively consists of 
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routes that are used in the given program. A circuit of the second 
kind contains at least one route that is not used in the given 
program. 


The circuit ABCD in Fig. 4 is of the first kind. While x has 
been taken as positive in the preceding discussion, there is no 
objection against negative values of x provided that the absolute 
value of x does not exceed the smaller one of the amounts that 
are shipped along AB and CD. If the specific cost for the circuit 
ABCD does not vanish, it is therefore always possible to choose 
the sign of x so that the change C in total cost is negative. In 
other words, the given program cannot be optimal if it contains a 
circuit of the first kind with non-vanishing specific cost. 


Because the specific cost for any circuit of the first kind 
must vanish for an optimal program, it is possible to assign to 
each center an accounting price for the unit amount of the product 
in such a manner that the specific cost for any route used in the 
program equals the difference of the accounting prices at the con- 
sumption and production ends of the route. Since the program is 
supposed to have a connected graph, this rule furnishes unique 
accounting prices at all centers once the accounting price at an 
arbitrary reference center has been chosen. 


Let us now consider a route that is not used in the given 
program, e.g. the route FG in Fig. 4. Since the graph of the 
program is supposed to be connected, it contains a chain of arcs 
(GC, CE, EF) leading from the end to the origin of the unused 
route. This route and this chain therefore form a circuit of the 
second kind. The intensity of any circular flow along this circuit 
that can be superimposed on the given program must be positive, 
because the resulting shipment along the previously unused route 
FG must be positive. If the specific cost for this circuit were 
negative, a decrease in transportation cost would result from the 
superposition of the circular flow. If the given program is opti- 
mal, the specific cost for the considered circuit must therefore be 
non-negative. When this condition is expressed in terms of the 
accounting prices at the vertices of the circuit, it is found that 
the difference of the accounting prices at the end and origin of 
the unused route cannot exceed the specific cost for this route. 
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In other words, the profit that could be obtained from shipping 
along this route does not suffice to pay for the shipping. We thus i 
have the following result: If the given program is optimal, an ac- 

counting price can be associated with each center in such a man- 

ner that the specific cost for any route used in the program equals 

the difference of the accounting prices at the endpoints of the 

route, and the specific cost for any route not used in the program 

is not smaller than the difference of the accounting prices at the 

endpoints of the route. It can be shown that this theorem remains 

valid if the graph of the shipping program is not connected. 
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Figure 5 illustrates the practical use of this theorem. There 
are three production centers and three consumption centers. The 
circled numbers in the diagram at the upper left indicate the a- 
mounts produced and consumed, and the numbers in squares indi- 
cate a feasible shipping program. In the next diagram, accounting 
prices are worked out from the specific transportation costs of the 
routes used in the program. In the diagram at the upper right, the 
price differentials for the unused routes are compared to the 
specific shipping costs for these routes. Only for one route is 
the price differential found to exceed the (circled) shipping cost. 
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To include this route into a revised program, we superimpose a 
circular flow involving the two topmost vertices in each column. 
The intensity of this flow is chosen as large as is possible with- 
out leading to negative shipments. The resulting program is 
shown in the lower right. Its accounting prices are worked out in 
the lower left, and tested in the lower center diagram. It is found 
that the price differentials for all unused routes exceed the ship- 
ping costs. The program at the lower right is therefore optimal. 


Let us now modify our problem slightly by assuming that the 
transportation cost for the bottom route is 10 instead of 8 This 
means that the accounting price at the lower right vertex should 
be 0 instead of 2. Testing the unused routes we then find that for 
two of these routes the price differential just equals the shipping 
cost. This means that the program shown in the lower right can 
be modified by including shipments along these routes without 
changing the total transportation cost. For the modified problem, 
we therefore do no longer have a unique optimal program. This 
lack of a unique solution is frequently encountered in this type of 
problem, 


Capacity restrictions for the shipping routes would not com- 
plicate the solution of our problem. For an optimal program any 
route used to capacity may then have a price differential that ex- 
ceeds the shipping cost, because even such a favorable price 
differential cannot attract more traffic to a route that is already 
used to capacity. 


We may render our problem somewhat more realistic by as- 
suming that the total productive capacity of the plants exceeds 
the total demand and that the manufacturing costs differ from 
plant to plant. We must then decide how much to produce at each 
plant and how to ship from each plant in order to minimize the 
total cost of production and distribution. This problem may be 
reduced to the previous one by the following tricks. Firstly, we 
increase the specific shipping cost along any route by the spe- 
cific manufacturing cost at its origin. This takes care of the 
differentials in manufacturing cost. Secondly, we add a fictitious 
consumption center called the “dump” and list as its demand 
figure the excess of total productive capacity over total demand. 
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This restores the balance between production and consumption. 
Finally, we connect each plant to the dump by a route whose 
specific transportation cost is set equal to zero. Indeed, the 
goods that are dumped in our artificial system with balanced pro- 
duction and consumption are not produced at all in the actual sys- 
tem and therefore cause neither production nor transportation 
costs. 


It is a common experience in the physical sciences that a 
mathematical method proves useful far beyond the field for which 
it was first devised. To show that this is also true in manage- 
ment science, let us consider a number of problems that can be 
treated along the lines developed for the transportation problem. 


The Quartermaster Corps must often evaluate the most eco- 
nomical way of awarding contracts to a number of suppliers of 
military equipment. The simplest situation that can arise in this 
connection is this: specified quantities of a certain item are 
needed at each of a number of depots, and each bidder states the 
prices at which he can deliver the item to the various depots. In 
this form, the problem can be solved by a straightforward appli- 
cation of the method discussed above. Of course, since the total 
manufacturing capacity of all bidders may exceed the total demand, 
a dump has to be included in the model. A bidder may state, how- 
ever, that he is not interested in any award that does not cover a 
stated minimum number of items. In this case, the first solution 
is worked out as before, ignoring this bidder’s minimum figure. If 
this first program should award the bidder more than his stated 
minimum, we have the solution of our problem. If, however, the 
first program awards less than the stated minimum to this bidder, 
we have to explore two alternatives: remove this bidder com- 
pletely from the program or increase his award to his minimum 
figure. The costs of these two alternative programs have to be 
determined so that the cheaper program can be selected. If there 
are many bids with minimum figures, an exhaustive survey of all 
possibilities may require a considerable computing effort, but 
there is no short cut to the solution known at present. 


Another problem that falls into the same class is the so- 
called assignment problem. A number of men are to be assigned 


sere neces 


seems ECS ENS 








1956 MANAGEMENT SCIENCE 


to an equal number of jobs in such a manner that each job is 
handled by a single man. Each man qualifies for each job; a 
man’s efficiency in handling a given job is rated by the cost of 
having this job performed by him. What is the most efficient as- 
signment of the men to the jobs? Clearly, this problem has the 
same pattern as the transportation problem. Each man may be 
considered as a center producing work and each job as a center 
consuming work, each man producing one unit and each job con- 
suming one unit of work. An assignment policy may then be 
treated as a shipping program for work, the efficiency ratings 
corresponding to the specific transportation costs. Since each 
job is to be handled by a single man, the “assignment graph” has 
as many disconnected branches as there are jobs. This fact, 
however, does not prevent us from using the pricing method de- 
veloped for the transportation problem. A variation of this prob- 
lem concerns the assignment of machine tools to the jobs that 
have to be performed in a shop. Here the number of tools that 
are suitable for a given job will be limited; on the other hand, a 
given tool can be assigned to various jobs in succession. 


Another problem that can be cast into the mold of the trans- 
portation problem concerns production scheduling for a manu- 
facturing company with a seasonally fluctuating sales pattern. 
These fluctuations in sales must cause some fluctuations in pro- 
duction rate or inventory. The problem is to find the program 
that minimizes the total expense for overtime pay and storage. 
We can treat this as a transportation problem in which amounts 
are shipped from the initial inventory and from the regular pro- 
duction or the overtime production of each month to the sales of 
any later month or to the final inventory. The specific transpor- 
tation cost along any route includes not only the cost of pro- 
ducing the unit amount on regular time or overtime, but also the 
cost of carrying the unit amount in inventory from the month in 
which it is produced to the month in which it is sold. To create 
a uniform basis for the comparison of prices that have to be paid 
at various times, all costs are best discounted to the starting 
date of the schedule. Since nothing can be sold before it has 
been produced, an infinite cost must be attributed to any route 
that leads back in time. Since the total capacity for regular and 
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overtime production will exceed the total demand if the solution 
of the problem is net to be trivial, a dump must be included in 

the model. For a schedule covering 12 months, we may thus have 
25 production centers (initial inventory and regular and overtime 
production for each month) and 14 consumption centers (sales for 
each month, final inventory, and dump). 
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Before leaving this group of problems, let us briefly con- 
sider their mathematical characteristics taking the transportation 
problem of Fig. 5 as a typical example. The data of this problem 
are presented in Figure 6. The three rows of the central part of 
this table correspond to the three origins, and the three columns 
of this part correspond to the three destinations, The quantities 
available at each origin are indicated at the end of each row, and 
the quantities required at each destination are given at the 
bottom of each column. The specific shipping costs for the vari- 
ous routes are written in the upper left corners of the nine cells. | 
The problem demands that we write non-negative numbers into the ' 
bottom right corners of the cells in such a manner that the num- 
bers in each row or column add up to the prescribed total and that 
the sum of the products of the two numbers in each cell is as 
small as possible. Mathematically speaking, we wish to minimize 








1956 MANAGEMENT SCIENCE 216 


a linear function of non-negative unknowns, which must satisfy a 
number of equations, the number of unknowns (9 in our example) 
exceeding that of equations (6). Problems of this type are known 
as linear programming problems, The following is an example of 
a linear programming problem that is more complex than the trans- 
portation problems considered so far. 


An oil refinery has given quantities of three different crudes 
available and wishes to meet given demands for three products as 
far and as profitably as is possible. The product yields and the 
profit for each crude are known, and so is the loss (in customer 
good will) caused by the failure to meet the demand for each 
product. What is the most profitable production program? 














\ 2 3 Ay. Profit 
Crude 
& A. 2 
I 100 15 
x © x 
3 4 2 
2 80 20 
y y y 
2 o 4 
3 120 10 
z z z 











Req 100 70 90 





Loss 3 I 2 




















Net Profit = .1Sx + 20y + 10z - 3(100-.Sx—.3y-.272) 
~(70-.32 - 4y —.32) — 2(90-.22-.2y —.42) 
* 17.22 + 21.7y + 0.72 - S50 
FIG. 7 


Figure 7 contains the numerical data for a specific problem 
of this kind. The rows labeled 1, 2, 3 correspond to the three 
crudes and the columns labeled 1, 2, 3 correspond to the three 
products. The available amount of each crude (in some appropri- 
ate unit, e. g. thousands of barrels) is given in the column 
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labeled Av. and the amount required of each product is listed in 
the row labeled Req. The numbers in the upper left corners of the 
cells indicate the yields of the various crudes (in barrels per bar- 
rel). Profit and loss figures are given in the last column and the 
last row. 





A solution of the problem is specified by three positive num- 
bers x, y, and z specifying the amounts used of each crude. 
These numbers are subject to six restrictions, three of which 
stem from the limited availability of crudes and three from the 
limited market capacity for products. We wish to find positive 
numbers x, y, and z satisfying these availability and capacity 
restrictions and maximizing the net profit stated at the bottom of 
Figure 7. 
Mathematically, the availability and capacity restrictions are 
stated by inequalities. For instance, the availability restriction 
for the first crude reads x < 100. With three unknowns, we must 
expect that for the optimal program only three of the six restric- 
tions will be fulfilled in the form of equalities, e.g. only two 
crudes may be fully used and only one of the products made in 
sufficient quantity to meet the demand. If we knew which of the 
six restrictions are fulfilled in this manner, all that the determi- 
nation of the optimal program would require would be the solution 
of three simultaneous linear equations with three unknowns. 
Actually, even in our extremely simple problem, there are 20 ways 
of choosing three of the six restrictions. To try all possibilities 
and find the one which yields the greatest profit without leading 
to a violation of some of the remaining three restrictions, would 
be very time-consuming. For a more realistic example, this pro- 
cedure would involve a prohibitive amount of computing, even for 
a modern electronic computer. The so-called simplex method of 
linear programming progresses in a systematic manner from one ] 
admissible combination to another that yields a larger profit; | 
after a finite number of steps an optimal solution is reached. In | 
recent years an amazing number of practical problems have been 
discovered that are reducible to problems in linear programming. 
Many of these have been successfully treated by the simplex 
method. In other cases, the number of unknowns has been so 
great that the computational effort required by the simplex meth- 
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od proved to be prohibitive. Much of the current research in this 
area is directed towards special methods that do not possess the 
generality of the simplex method but take full advantage of the 
special features of the problem and so reduce the amount of com- 
putation required for its solution. 


The programming considered so far is called “linear” be- 
cause the quantity (cost or profit) that is to be minimized or maxi- 
mized is assumed to be a linear function of the unknowns. For 
many problems this assumption would represent an oversimplifi- 
cation of the actual situation. For instance, if we deal with a 
transportation problem in which the “cost” of shipping along a 
route is the time it takes the shipment to reach its destination, 
congestion on a route would increase the “cost” of shipping 
along this route. Whereas we had a linear programming problem 
when the shipping cost was independent of the amount shipped, 
we have a non-linear programming problem when this cost depends 
on the amount shipped. While some general principles of non- 
linear programming have been established, no general and power- 
ful method is as yet available for the solution of large scale 
problems of this kind. 


Another important feature of practical programming problems 
should be mentioned at this time. In all preceding examples, the 
demands have been treated as known with certainty. Actually, 
such certainty is possible only under exceptional conditions; in 
many practical problems the demand for a certain product can only 
be described in a statistical manner. A given program then is no 
longer associated with a definite profit but only with a certain 
profit expectation. The task of maximizing the expected profit 
is a problem in stochastic programming. 


In attempting to give you an idea of mathematical problems 
in management science, I had to restrict myself to a few examples 
that could be discussed with a minimum of formal mathematics. 
While these may, to some extent, have conveyed an oversimplified 
picture of the field, I hope that they have brought out two im- 
portant facts. Firstly, the applied mathematician will find a 
fruitful area of research in management science. Secondly, his 
acquaintance with the applications of mathematics to the physical 








219 PI MU EPSILON JOURNAL Fall 


sciences will be of limited usefulness in this new area which 
often requires a radically different approach. 


The last remark is worth elaborating. The fact that mana- 
gerial action is often directed towards minimizing cost or maxi- 
mizing profits would seem to suggest calculus as one of the 
principal mathematical tools of management science. Actually, 
none of the management problems considered in this talk could 
be solved by the usual techniques of calculus. In the transpor- 
tation problem, for instance, the cost of the optimal program is a 
minimum not because the amounts shipped along the various 
routes could not be modified to yield a program of still smaller 
cost, but because such modifications would violate the availa- 
bility and requirement restrictions at some centers of production 
or consumption. Mathematically speaking, the linear cost 
function admits a minimum only because the variables are re- 
stricted to a convex domain. 


In the history of mathematics, the requirements of the appli- 
cations have often led to the development of new mathematical 
disciplines. The outstanding example for this is, of course, 
calculus which stems from Newton’s work on celestial mechanics. 
While calculus has proved invaluable in the physical sciences, 
it does not seem to be destined to take the same dominant po- 
sition in the social sciences. As management science can be 
said to straddle the fence between physical and social sciences, 
it may well provide the impetus for the development of the kind 
of mathematics that meets the needs of the social sciences. 

* * * * * 


The department devoted to chapter activities shows that some 
chapters have a most commendable program. Do the others just 
not bother sending in reports? 


OVERHEARD ON THE BUS 


“My brother is a mathematician and I think he’s crazy. He 
works for hours and is happy when he gets nothing for an answer.” 


OBJETS DE MATH 


by Albert Wilansky 
Lehigh University 


A. Examination questions culled from fiction: 


1. In Booth Tarkington: “The Lorenzo Bunch,” Chapter II, 
Arlene says: “I stayed on ... five years after Roy and I were 
married, ...; but I quit when little Ola was four years old ... 
Ola’s going on thirteen now. I was only twenty when Roy and I 
were married, ... Roy’s almost thirty-four now ... .” How old is 
Arlene? 


2. In Mark Twain: “Tom Sawyer,” Chapter IX, we read: 
“It (the graveyard) had a crazy board fence around it, which 
leaned inward in places, and outward the rest of the time, but 
stood upright nowhere.” Prove that the fence is discontinuous. 


B. Theorems from fiction: 


1. In Robert Louis Stevenson: “The Bottle Imp,” we read of 
a bottle which (a) is extremely advantageous to own, (b) must be 
sold by each owner for less than he paid, (c) brings damnation to 
anyone who dies owning the bottle. Theorem: Nobody would 
buy this bottle. Proof by induction: Nobody would buy it for 1¢. 
Suppose that nobody would buy it for k¢ or less. Then nobody 
would buy it for (k + 1)¢ since he could not sell it. 


C. Some grading problems. 


1. One of my students gave the infinite series expansion for 
sine x with exactly one term wrong. I wish to weight each term 
in the series equally; what should be his grade? 


‘2. Irecently gave my class the problem of writing the 
largest possible number in 5 seconds. Here are the entries 


written by the various members of the class: 
* « * * * 


Professor W. S. Beckwith, former corresponding secretary of 
the Georgia Alpha Chapter of Pi Mu Epsilon, has retired and is 
now teaching temporarily at the University of Tennessee. 
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Smith: 10000000 

10 
Jones: 1910" 
Robinson: 2!!!!!!! 
Johnson: @ - 1 
Jackson: a million, million million 
Brown: n+ 1, where n is the largest gotten by the others 
Hill: n+ 2, where n is the largest gotten by the others 
Simson: the largest number which can be written in 5 

seconds. 


Who is the winner? 


STORIES OF FAMOUS MATHEMATICIANS 


SCRATCH THIS ONE 


For years we’ve enjoyed telling this story: 


“Queen Victoria was so pleased on her first reading of 
Lewis Carroll’s Alice in Wonderland that she requested that the 
author send her, without fail, a copy of his next book. In due 
course, she received a copy of his Treatise on the Theory of 
Determinants.” 


Now Warren Weaver, writing about Lewis Carroll in the 
Scientific American, indicates that this story is not true. While 
we have a lot of respect for the truth, we nevertheless regret 
being obliged to abandon one of our favorite mathematical 
anecdotes. The article, in the April, 1956, issue, page 116, is 
worth looking up in case you haven’t read it. The title is 
“Lewis Carroll: Mathematician.” 








STORIES 
BIRKHOFF’S STATURE 


The following paragraphs are reprinted with permission from 
“MY TILT WITH ALBERT EINSTEIN,” as related by Professor 
Carlos Graef Fernandez, Director of Physics in the National 
University of Mexico, and former Professor of Relativity at 
Harvard, to Samuel Kaplan. 


This story concerns the late Professor George D. Birkhoff, 
although the article itself is principally about Dr. Einstein. We 
wish we had space to reprint the entire article, which appeared 
in American Scientist, V. 44, 1956, pp. 204-211. 


“Einstein is dead. How that profoundly sad event carries the 
memory back to my unforgettable meeting with the supreme 
scientist of our time! 


“My heart beat fast as I stood before 112 Mercer Street in 
Princeton, New Jersey. I was going to defend the ideas of my 
dead friend, Prof. George D. Birkhoff, against those of Prof. 
Albert Einstein. But perhaps you do not know who Birkhoff was. 
Know then that Birkhoff, chairman of the Department of Mathe- 
matics, Harvard University, was one of the ten greatest mathe- 
maticians of all time! 


“And permit me to say that Birkhoff did not minimize the im- 
portance of his extraordinary powers, as you may judge from this 
exchange between him and Prof. Luis Enrique Erro, Director of 
the National Astrophysics Observatory of Mexico. 


**Prof. Birkhoff,’ said Erro, ‘I hope that in the future the 
United States Government will continue to send us savants of 
your stature,’ 


- ®*Prof, Erro,’ was Birkhoff’s surprising answer, ‘in the States 
I am the only one of my stature.’ 


“To which I might add the words of Dr. Norbert Wiener, the 
present greatest American mathematician who, when making his 
obituary address before Birkhoff’s body in Harvard University’s 
chapel, said: ‘He was the first among us and he accepted the 
fact. He was not modest.’” 

















AREA OF A TRIANGLE - AMBIGUOUS CASE 


by G. D, Thaxton 
(Freshman class, University of Richmond) 


A survey of several books on plane trigonometry reveals that 
they give no formula for the area which will cover all aspects of 
the ambiguous case of two sides and the angle opposite one of 
them. This note gives a formula which will do this. 








ne B, <Ter.: Ge 


In the following discussion we use “B” to refer to either B, 
or B, in the above figure. 
The area of triangle ACO is 4 b? sin A cos A. 


In order to determine the area of triangle COB, we note that 
by the law of sines b sin A = a sin B from which we obtain cos B 
= + Ya” - b? sin® A. Using this value for cos B, we obtain 
4 








the area of triangle COB as %b sin A Va - b* sin? A and the 
area of triangle ACO as 


(1) Yb? sin A cos A+%bsin A Va?-b* sin* A. 


We may now summarize the cases as follows: 


I. If a> b, then choosing the plus sign in (1) gives the area 
of the single solution. 
Il. If a< band a” - b* sin? A > 0, then (1) gives the areas of 
the two solutions. 
Ill. If a< b and a2 - b? sin? A= 0, then (1) gives the area of the 
one right triangle solution. 
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IV. If a< band a” - b? sin? A < 0, the imaginary value of the 
radical indicates that no triangle satisfying the conditions 
exists. 

V. If angle A is 90° and a > b, choosing the plus sign in (1) 
gives the area of the right triangle solution. 

VI. If angle A is > 90° and a > b, then choosing the negative 
sign in (1) gives the area of the obtuse triangle solution. 


SOUNDS FUNNY, BUT IT’S TRUE 


“A zero of order zero is a regular point at which the function 
is not zero.” (From a book on complex variables. ) 


“A thing is obvious mathematically after you see it.” 


- Dean R. D. Carmichael 


Presumably one shouldn’t end a sentence with a preposition. 
But what about two or more? A little boy, who had wanted to be 
read to before going to sleep, asked his mother when she came 
upstairs, “What didn’t you bring that book I wanted to be read to 
out of up for?” 











PROBLEM DEPARTMENT 


Edited by 
Leo Moser, University of Alberta 


This department welcomes problems believed to be new and, 
as a rule, demanding no greater ability in problem solving than 
that of the average member of the Fraternity, but occasionally we 
shall publish problems that should challenge the ability of the 
advanced undergraduate and/or candidate for the Master’s Degree. 
Solutions of these problems should be submitted on separate, 
signed sheets within five months after publication. Address all 
communications concerning problems to Leo Moser, Mathematics 
Department, University of Alberta, Edmonton, Alberta, Canada. 


PROBLEMS FOR SOLUTION 


88. Proposed by A. R. Aumalis and R. B. Wright, University 
of Nebraska 


A mathematics professor witnessed a hit and run accident. 
The police asked whether he recalled the license number of the 
fleeing car. The professor said, “No, but I did observe that the 
last four digits constituted the cube of the first two digits and 
that the sum of all six digits was odd.” 


At this point a student with the professor piped up, “But sir, 
did you not also observe that the greatest prime divisor was less 
than one hundred!” 


Would this information enable you to obtain the license 
number? 


89. Proposed by R. B. Wright, University of Nebraska 
Evaluate the product 


2 : n+1 
II {cos ie 4, in. 2 
n=1 2n-1 2n-1 


where i? = -1. 
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90. Proposed by Vern Hoggatt, San Jose State College 


Prove that 


lim %! 1 ce 


a-@ 532) G@p)y 
91. Proposed by Nathaniel Grossman, California Institute of 
of Technology 


Prove that 


» n 
tn 7@ OOM = 2. Te) 


where 7(n) denotes the number of divisors of n, 7 (n) is the sum 
of the divisors of n and ¢$(n) is the Euler Totient function. 


92. Proposed by Leon Bankoff, Los Angeles, California 


It has been said that algebra is but written geometry and 
geometry is but diagramatic algebra. (Sophie Germain, Memoire 
sur les Surfaces Elastiques). In the spirit of this quotation, 
show geometrically that 


© o} 
> ® a.” 
n=2 2 


86. Proposed by C. A. Grimm, South Dakota School of Mines 
and Technology 


For a, b, and x integers (b > a) show that 


x? + 3(a - b)x? + 3(a? - b*)x +a -5° 40. 


Solution by the proposer 


The left hand side can be written in the form 


x? + (x+a)® = (x+b)° 4 
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Since a and b are integers and 6 > a this is just Fermat’s 
equation with n = 3 for which the non-existence of solutions is 
well known. 


Also solved by N. Grossman. 


SOLUTIONS 


26. Proposed by Pedro A. Piza, San Juan, Puerto Rico 


For positive integers n and c, let the number [n:c] be de- 
fined by the relation 


[nie] = 2°} seg ; 


c 





Show that the numbers [n:c] satisfy the recurrence relation 








2(2 
[nie] = oe) [n-1: c1] (1) 
and the formula 
228.) n 
2n+1 = = [nrc]. (2) 
c=l 


Solution by J. R. Pounder, University of Alberta 


The first result follows directly from 


m ‘m-1 
a 1), 1(Ci) (cm > 1) 


ee + 
To prove the second result we equate coefficients of rs 


in the MacLaurin expansions of each side of the identity 


log (1 - 2x) + log (1 + x) = log (1 - x- 2x”) A 
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This gives 
2n+1 


g2ntl " 1 Di 1 r 
2n + 1 r=ntl or bases) 


n 
, eee pate) 2. 
o 2ntl-c c 


Transferring the first term to the left hand side, dividing by 
2, and using (1), we get the required result. 


_22atl-r 





Also partially solved by M. Lieber. 


79. Proposed by C. W. Trigg, Los Angeles City College 


Find the bounding values of the ratio of the sides @ and c 
of a triangle in order that the median to one side and the 
symmedian to the other side may be concurrent with the internal 
bisector of the included angle. 


Solution by the Proposer 


Say the median is drawn to a, thus bisecting a, and the 
symmedian is drawn to c thereby dividing it in the ratio a?:b?, 
Then the internal bisector of B divides 6 in the ratio c:a. 
Hence, if the lines are to be concurrent, by the converse of 
Ceva’s theorem, a*c = 67a. Thus the necessary condition is 
b? =ac. Now b> |c-al, so b = ac > c? - 2ac + a’, or 50/4 > 
c? - 3ac + 9a*/4, and V5 a/2 > |e - 3a/2 |. It follows that 
’ (3 + V5) > c/a > 4 (3- V5). 


This is equivalent to 


Y (3+ V3) > > %3-V). 
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81. Proposed by Leon Bankoff, Los Angeles, California 
Show that 


1 + 1/2? + 1/37 + 1/42 +... = 2(1-1/2? + 1/3? - 1/42 +...), 


Solution by B. Lachapelle, Cornell University 


@ co +] @ 2 
ae > Co > (3) 
n=] 2 ne er + 2 n=1 \2n 
Hence 
3) +) ) 
ies Cee oe 
n=l n° * n=l nt * 2 n=l oF 


from which the required result follows. 


Solution by C. L. Gape, University of Buffalo 


Consider the Fourier expansion of f(x) = x’ in the interval 
-7™2 xT, namely: 


2 Sh $ -1)"* cos nx 
ero tgs eee 


n=] 


Letting x = 0 we have 


(1) i = 1/12 
BE n 


Letting x = 7 we have 


m2. 8 
a ae 


The required result follows from (1) and (2). 
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Also solved by J. C, Mathews, L. Miller, S. Robinson, 
C. R. B. Wright, and the proposer. 


84. Proposed by C, A. Nicol, University of Texas 


If n is a positive integer,does there exist a positive integer 
k such that the sequence & + 1, 2k + 1, 3k +1,..., nk +1 
consists only of composite integers? 


Solution by the proposer 
Letk =(nt+1)!+1. 
Then &+1 = (+1)! +2 
2k + 1 = (2) (nt1)! + 3 
3k + 1 = (3) (ntl)! +4 


nk + 1 = (n) (nt1)! + n+l, 
and these are obviously each composite. 


REMARK. Calculations indicate that the value of k given 
here is much larger than is necessary. It would be interesting 
to find the smallest value of & for which this sequence would 
consist only of composite integers. 


Q: “What is an expert?” 
A: “Well, as everybody knows, x stands for an unknown, and 
a spurt is a drip under pressure.” 





DEPARTMENT DEVOTED TO CHAPTER ACTIVITIES 


Edited by 
Houston T. Karnes, Louisiana State University 


EDITOR’S NOTE. According to Article VI, Section 3 of the Con- 
stitution: “The Secretary shall keep account of all meetings and 
transactions of the chapter and, before the close of the academic 
year, shall send to the Secretary General and to the Director 
General, an annual report of the chapter activities including pro- 
grams, results of elections, etc.” The Secretary General now 
suggests that an additional copy of the annual report of each 
chapter be sent to the editor of this department of the Pi Mu Ep- 
silon Journal. Besides the information listed above, we are es- 
pecially interested in learning what the chapters are doing by way 
of competitive examinations, medals, prizes and scholarships, 
news and notices concerning members, active and alumni. Please 
send reports to Associate Editor Houston T. Karnes, Department 
of Mathematics, Louisiana State University, Baton Rouge 3, La. 
These reports will be published in the chronological order in 
which they are received. 


REPORTS OF THE CHAPTERS 


Alpha of New York, Syracuse University 


The New York Alpha Chapter held four meetings during the 
1955-56 year. The following papers were presented: 


“Random Walks” by Dr. Donald Friedlen 

“What is a Curve?” by Dr. Erik Hemmingsen 

“Knot Theory” by Dr. John Meyer 

“Invariance in Physics” by Dr. Eugene Gross. 

The annual banquet was held on March 3, 1956. Eighteen 
members were initiated on this occasion, The guest speaker was 


Dr. Donald Kibbey who spoke on the topic: “The Opportunities 
for People in the Field of Mathematics.” 
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Officers for 1956-57 are: Director, Conrad Campbell: Vice- 
Director, Louis Ragonese; Secretary, Valma Van Voris; Treasur- 
er, Simon Hellerstein; Faculty Advisor, Dr. Erik Hemmingsen. 


Alpha of New Hampshire, University of New Hampshire 


The New Hampshire Alpha Chapter held four meetings dur- 
ing the 1955-56 year. Mr. Richard S. Gaudette was presented the 
$10.00 annual award which is given to the student who is judged 
to have done the most outstanding work in his four freshman 
mathematics courses. 


The chapter sponsors two additional worthy projects. They 
are: (1) Weekly “Mathematics Aid Classes” for students in the 
elementary courses, and (2) subscriptions to the “O. U. Mathe- 
matics Letter” for several New Hampshire high schools. 


Officers for 1956-57 are: President, Carl H. Love; Vice- 
President, Prescott Greene; Secretary, Dorothy S. Fournier; 
Treasurer, Donald W. Fogg. 


Gamma of Kansas, University of Wichita 


The Kansas Gamma Chapter held five meetings during the 
1955-56 year. Two of these meetings were business sessions, 
two were program meetings and the fifth was the annual banquet 
and initiation. The program topic for the banquet was: “Digital 
Computers.” Ten new members were initiated during the year. 

Papers presented were: 


“Report of the National Pi Mu Epsilon Meeting” by 
Dr. C. B. Read 


“A Colored Slide Trip of Europe” by Mr. John Schweiter 
“Commutative Rings” by Mr. Chouteau, 


Two hundred dollars were added to the chapter’s scholarship 
fund. Of this amount $100.00 was contributed by Professor 
Emeritus Hoare and the other $100.00 was contributed by the 
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chapter. An award is made each year to an outstanding senior. i 
For the year 1955-56 the award was presented to Mr. Richard 
Sinkhorn. ( 


Officers for the year were: President, Arthur Goering; Vice- 
President, John Albright; Secretary, John Durbin; Treasurer, Mrs. 
Agnes Nibarger; Corresponding Secretary, Professor C. B. Read. 


Gamma of Missouri, St. Louis University 


The Missouri Gamma Chapter held five meetings during the 
1955-56 year including the annual banquet. The following papers 
were presented: 


“A Moore - Smith Sequence” by Mr. Fredrich Homann, S. J. 4 
“Digital Computers” by Mr. Curtiss Kellog 


“Integral Equations of the Fredholm Type” by 
Dr. Paolo Lanzano 


“Arbitrarily ‘Small’ Integers” by Dr. Arnold Ross, 
University of Notre Dame. 


Seventy-nine new members were initiated during the year. 
The tenth annual essay contest was won by Edna G. Golden. 
The title of her paper was “Professional Opportunities in Mathe- 
matics.” The senior award was won by John H. Stewart. The 
Garneau Award was won by Sister Kenneth Kolmer, the highest 
ranking senior majoring in mathematics. 


Officers for the year were: Director, Mr. Joseph Moser; 
Vice-Director, Rev. Theodosius Demen, S. O. Cist.; Secretary, 
Mr. George R. Kuhn; Fatulty Advisor, Dr. F. Regan. 


Alpha of Wisconsin, Marquette University f 


The Wisconsin Alpha Chapter held four meetings during the 
1955-56 year. Two of these were initiation meetings at which 
times twenty-five new members were inducted. A third meeting 
was a lecture by Mr. A. O. Smith on “Digital Computers.” The 
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guest speaker for the annual banquet was Professor R. C. Huffer 
of Beloit College. 


Winners in the Annual Frumveller Competition were: 


James Munch --- $25.00 
Dennis Klatt --- $15.00, 


Officers for the year were: President, Roger Putzi; Vice- 
President, John H. Barton; Treasurer, Marleen A. Pytlich; Corre- 
sponding Secretary, L. Dave Lewis; Recording Secretary, Ann G. 
Bannon; Librarian, Miriam Connellan. 


Alpha of Kentucky, University of Kentucky 


The Kentucky Alpha Chapter held six regular meetings, in 
addition to the initiation banquet, during the 1955-56 year. The 
following papers were presented: 

“Tchebichef Polynomials” by Miss Jewel Magee 

“Rearrangement of Terms in Complex Series” by 

Kenneth Stoll 

“A Lower Bound for the Number of Zeros of a Polynomial” 

by Gamett Stephens. 

Manning Rose, this chapter’s representative to the P. M. E. 
national meeting of 1955, reported on that meeting, and Dr. Frank 
Rose, president of Transylvania College, talked about the re- 
sponsibilities of what he called “the creative minority” at the 
initiation banquet. 

Officers for 1956-57 are: Director, Jack Dockery; Vice- 
Director, William Jones; Secretary, Joyce Lutz; Treasurer, Vera 
Cummins; Librarian, Kenneth Stoll. 


Membership: Sixteen members were initiated during the year. 


Alpha of Lovisiana, Louisiana State University 


The Louisiana Alpha Chapter held five meetings during the 
1955-56 year. Three of these were business sessions. At a 
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fourth meeting Dr. John R. Mayor, Director of the Science Teach- 
ing Improvement Program of the A. A. A. S., spoke concerning 
his program. The fifth meeting was the annual initiation and 
banquet. At this time twenty-three were inducted. Dr. Houston 
T. Karnes, the Faculty Advisor, was the banquet speaker. 


The annual senior award was won by Mr. Ernest Heilberg 
and the freshman award was won by Mr. Robert M. Brooks. 


The officers for 1955-56 were: President, Joanne Aycock; 
Vice-President, Melba LeRoy Harvey, Jr.; Secretary, Patricia 
Harrison; Treasurer, Cecilia Cimerman; Corresponding Secretary, 
Dr. Houston T. Karnes. 


Officers for 1956-57 are: President, John Radford; Vice- 
President, Leonard Hooper; Secretary, Sherry McDowell; 
Treasurer, Ali Tangoren; Corresponding Secretary, Dr. Houston 
T. Karnes. 


Alpha of Oregon, University of Oregon 


The Oregon Alpha Chapter held seven meetings during 1955- 
56 which included an initiation and a picnic. Twenty-seven new 
members were initiated during the year. At program meetings the 
following papers were presented: 


“Baye’s Theorem” by Dr. Frank J. Massey 
“Analysis of Abelian Groups” by Dr. Paul Civin 


“Famous Conjectures in Number Theory” by 
Dr. D. H. Lehmer, University of California. 


The De Cou prize was won by Miss Patricia Southworth. 


Officers for 1956-57 are: Director, Robert Fossumn; Vice- j 
Director, Donald Marshall; Secretary-Treasurer, Nak Kwan Kim. 


Beta of Wisconsin, University of Wisconsin 


The Wisconsin Beta Chapter held thirteen meetings during 
the 1955-56 year. This included picnics, a Christmas Smorgas- 
bord and the annual banquet. The banquet speaker was Dean 
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Mark Ingraham who spoke on “The Role of Mathematics in a 
Liberal Education.” Forty-nine new members were initiated dur- 
ing the year. The following papers were presented at the pro- 
gram meetings: 
“Hilbert’s 1900 Paper--the Current Status of the Problems he 
Proposed” by Professor R. C. Buck 


“Transformations Which Do Not Increase Small Distances” 
by Professor Robert F. Williams 

“Fermat’s Last Theorem” by Mr. Ashby Foote 

“The Psychological and Philosophical Thinking of Hada- 
mard and Hardy” by Mr. David Staley and Mr. Kenneth 
Weston 


“A New Look at the Probability Integral” by Mr. Daniel 
Robinson 


“The History and Transcendence of Pi” by Mr. David Webster 
“The Banach Tarski Paradox” by Professor Karel de Leeuw 


“Some Famous Problems of Modern Mathematics” by 
Professor G. Baley Price, University of Kansas. 


Officers for 1955-56 were: Director, Harry Friedman; Vice- 
Director, Daniel Robinson; Secretary-Treasurer, Sonia Gibson; 
Faculty Advisor, Professor Eric R. Immel. 


Officers for 1956-57 are: Director, Daniel Robinson; Vice- 
Director, Homer Bechtell; Secretary-Treasurer, Barbara Perske; 
Faculty Advisor, Professor R. H. Bing. 


Gamma of Ohio, University of Toledo 


The Ohio Gamma Chapter held four meetings during the 
1955-56 year. Papers were presented by Professor Flesner, Dr. 
Wayne Dancer and Professor Edward Ebert, Professor Ebert was 
the banquet speaker. Seven new members were initiated during 
the year. 

Officers for 1955-56 were: Director, Professor Charles 
Calhoun; Vice-Director, Howard Leupp; Secretary, Philip Long; 
Treasurer, Fred Miller. 
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Officers for 1956-57 are: Director, Miss Grace Cutler; Vice- 
Director, John Ginther; Secretary, William Frederick; Treasurer, 
William Goldberg. 


Alpha of Missouri, University of Missouri 


The Missouri Alpha Chapter held two meetings during the 
1955-56 year, an initiation meeting in December and the initiation 
banquet in May. Fifty-six new members were inducted during the 
year. A program feature of the December meeting was a group of 
Japanese dances in costume presented by Mrs. Aiko Hormann, a 
Japanese girl continuing her study of mathematics in our country. 


The banquet speaker was Professor Leonard Blumenthal who 
spoke on “Mathematical Cultures.” The annual Pi Mu Epsilon 
calculus competition was won by Ronald Reagin. Donald Barnett 
and Marvin Frerking tied for second place. 


Officers for 1956-57 are: Director, Harold Kiehl; Vice- 
Director, Joseph Palen; Secretary, Susan Brady; Treasurer, 
Wallace Wilson. 


Beta of New York, Hunter College 


The New York Beta Chapter held six program meetings and 
two initiation dinners during the year 1955-56. Twenty-nine new 
members were initiated during the year. Professor Mary P. 
Dolciani was guest speaker at the first initiation dinner. She 
spoke on her trip to England. At the second initiation dinner the 
guest speaker was Professor George Polya who spoke on the 
topic “How to Make a Reasonable Guess.” 


The following papers were presented at the program meetings: 


“The Isoperimetric Problem” by Ailene Steinkohl and Bertha 
Suhr under the direction of Professor Mary P. Dolciani 


(Due to illness Elaine Yodice was unable to speak.) 
“Mathematical Transmission Lines, or How Does Mathemat- 
ics Get That Way?” by Helen Josephides, Rose 


Di Bianco and Susan Neumark under the direction of 
Professor Carolyn Eisele 
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“Geometry” by Louise Bargamion, Theresa Landi and Carol 
Schwartz under the direction of Professor I. C. 
McLaughlin 


“Mercator’s Projection and the Isometric Latitude” by Mrs. 
Lena Seife Abowitz, Mrs. Marilyn Dunayer Chuck, and 
Lily Chin under the direction of Professor A. D. Bradley 

“LaPlace Transform” by Jill Marston, Mary Shrier and Mary 
Seuba under the direction of Professor J. H. Bushey 

“Circles of a Triangle” by Mrs. Renee Lipow Schoemann, 
Alice B. Copland and Inge Liner under the the direc- 
tion of Professor L. Guggenbuhl. 

Officers for 1955-56 were: Director, Professor Lucille B. 
Anderson; Permanent Secretary, Professor Isabel McLaughlin; 
President, Jill Marston; Recording Secretary, Mrs. Lena Seife 
Abowitz; Corresponding Secretary, Louise Bargamian; Treasurer, 
Joan Berks; Librarian, Theresa Landi. 

Officers for 1956-57 are: President, Adrienne Anderson; 
Recording Secretary, Joan Berks; Corresponding Secretary, 
Gertrude Neuman; Treasurer, Linda Scharf; Librarian, Marilyn 
Roane. 


Beta of Oregon, Oregon State College 


The Oregon Beta Chapter held six meetings during the year 
including a picnic and the initiation banquet. The banquet 
speaker was Dr. A. T. Lonseth whose subject was “Mathematics 
in a Changing World.” Fifty-six new members were inducted dur- 
ing the year. 

The following papers were presented at the program meetings: 

“Multivariate Interpolation” by James Wheelock 

“Continued Fractions” by James McFarland 

“Foundations of Probability” by Dr. Ernest Kimme 

“Computing Machines” by Dr. A. T. Lonseth. 


The annual Oregon Beta Mathematics Contest was won by 
John W. Walker. Second prize went to Don Witcraft and the third 
prize was won by Lye McMahon. 
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Dr. D. H. Lehmer, University of California, was guest 
lecturer in the spring term. This visit was jointly sponsored by 
Oregon Beta and the Department of Mathematics. 


The officers for the academic year 1955-56 were: Director, 
John Hilzman; Vice-Director, Mrs. Jean Overholzer; Secretary, 
James McFarland; Treasurer, Prof. George A. Williams. 


The officers for the academic year 1956-57 are: Director, 
Wendell Arntzen; Vice-Director, Chester Dyche; Secretary, 
William Kratzke; Treasurer, Dr. A. R. Poole. 


Alpha of Alabama, University of Alabama 


The University of Alabama Chapter of Pi Mu Epsilon held six 
meetings during the academic year of 1955-56. Initiation cere- 
monies were held at the Christmas banquet and the spring picnic. 
Thirty-six new members were initiated, 


Two talks were given -- “Number Representation on an 
Electronic Computer” by Dr. C. L. Seebeck and “The Properties 
of the Number Nine” by Dr. Ben M. Seelbinder. The Chapter was 
also co-sponsor to Mr. John McPherson from the Census Bureau 
who gave a demonstration of the Cardiac computer. 


The officers elected for the academic year 1956-57 were: 
Director, Joe Harvey; Vice-Director, Joan Kassner; Secretary, 
Mary Lois Singley; Treasurer, Warren Clay Tyler; Faculty Advis- 
er, Dr. Holland Filgo; Scholarship Chairman, Mrs. Edith Ainsworth; 
Social Chairman, Ann Richardson. 


Alpha of Nebraska, University of Nebraska 


The Nebraska Alpha Chapter held seven regular meetings 
during the year 1955-56. These included an initiation banquet in 
January, an initiation picnic in May, elections, and regular busi- 
ness meetings. 

The programs consisted of the following talks: 


“Card Tricks and Mathematics,” by Charles Wright 
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“The Game of Nim,” by Darrell Schindler 


*Gedanken Experiments,” by Professor R. L. Chasson of the 
Physics Department 
“Cryptanalysis,” by Alan Heeger 


“Nomographs, Their Construction and Applications,” 
by Robert Johnson 


“Non-Euclidean Geometry,” by Fred Van Vleck. 


The winner of the Freshman Award for Mathematics was 
Ralph Mortimore. The winners of the annual Pi Mu Epsilon 
Prize Examinations were: 


Examination I - first prize, Dale Hedman 
second prize, Charlene Travis 


Examination II - first prize, Richard Wooley 
second prize, R. D. Higgs- 


The new officers elected for the academic year 1956-57 are: 
Director, Alan Heeger; Vice Director, William Kimberly; Secretary, 
Melvin Thornton; Treasurer, Robert Johnson. 


Alpha of Montana, Montana State University 


Montana Alpha Chapter started the academic year with the 
annual awarding of the Pi Mu Epsilon entrance prizes. These 
prizes are given to the three freshmen who place highest in an 
examination in mathematics. 


Papers presented at meetings during the year were the 
following: 


“The Nature of €” by Dr. William Myers 
“P-Adic Numbers” by Dr, Donald Higman 

The U. S. Satellite System” by Director Charles Gruhn 
“The Random Walk” by Mr. Richard Remington 
“Criteria for Constructibility” by Mr. John Peterson 
“Sequential Sampling” by Mr. Richard Remington. 
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The annual banquet was held May 29 with Director Charles 
Gruhn as Toastmaster. Approximately 30 members, faculty, and 
guests attended. New members received certificates at this 
time. 





The following officers were elected for 1956-57: Director, | 
James Rowland; Vice-Director, Olav Vik; Secretary-Treasurer, i 
Audra Browman. 


BOOK REVIEW 


B, E. Meserve, Fundamental Concepts of Geometry. Addison- 
Wesley, Cambridge, Mass. 1955. 9 + 321 pp. $7.50. 


According to the Preface, this book is based upon the geo- 
metrical part of a course entitled “Fundamental Concepts of 
Mathematics” which was founded by J. W. Young and carried on 
by successive generations of other professors, including the 
author. It is the result of “selecting, modifying and expanding 
sequences of topics from the two volumes of Projective Geometry” 
by Veblen and Young. The topics selected are essentially the 
same as those in The Foundations of Geometry by G. de B. 
Robinson (Toronto, 1940); but the reviewer is disappointed to 
find the modifications and expansions less satisfactory. The 
modifications sometimes consist in omitting an essential step in 
a proof (e.g., in the proof on p. 84 that R(ABC) = R(ABT); cf. 
Veblen and Young I, p. 85). The author tacitly assumes (on pp. 
64-66) that the tangents of a point conic form a line conic. He 
repeats (on p. 59) the one serious error of Veblen and Young 
(p. 41): the use of duality to prove the converse of Desargues’ 
Theorem (cf. Coxeter, The Real Projective Plane, 2nd. edition, 
p. 13, Theorem 2.26). 
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In the introductory section on logic, the author rightly stres- 
ses the distinction between contrary and contradictory. Unhappily 
he gives a new and complicated definition for “contradictory” on 
p- 5, although he reverts to the simple and adequate definition in 
his statement of Aristotle’s second law on p. 6. On p. 8, and 
again on p. 10, he declares that it is “desirable” that no two 
postulates be contrary; but surely the word “desirable” should 
have been “essential.” 


To establish the equivalence of synthetic and analytic ge- 
ometries, it is necessary to derive each from the other. But he 
has reduced the synthetic introduction of coordinates to the 
barest sketch. The fascinating idea of adding and multiplying 
points on a line (or on a conic) is discarded as being “long and 
tedious” (p.89). His nearest approach to a proof that a line has 
a linear equation is “the assumption that on a plane the points 
(0, 0), (b, 1), (2b, 2), ... , (ab, a), ... are collinear” (p. 95). He 
is on surer ground when dealing with analytic geometry as a self- 
contained subject; but the proof given for Desargues’ Theorem 
(p. 127) could have been more elegant (cf. Coxeter, op. cit., 

p. 191, § 12.3). 


Some misunderstandings in connection with homothetic 
transformations (p.166) could have been avoided by giving first 
a brief account of the projective theory of homologies and 
elations. For instance, on p. 151 the author correctly points 
out that, in affine geometry, “the principles of duality do not 
apply;” but on p. 174, and again on p. 182, he declares that 
“the plane dual of a point reflection is a line reflection.” Inci- 
dentally, it is unfortunate that the well established term 
“dilatation” has been contracted to “dilation.” 


Chapter 7 provides a well written outline of the history of 
geometry. However, it does not seem quite fair (on p. 231) to 
accuse Euclid (who proved that there is no greatest prime) of 
tacitly assuming that “all sets of objects are finite.” Again, 
Euclid’s explicit assumption that a line is not re-entrant ( (ii) 
on p. 232) has somehow become confused with his “tacit as- 
sumption that a straight line containing a vertex B and an 
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interior point of a triangle ABC must also contain a point of the 
line segment AC” (p. 253), which remains valid not only in hy- 
perbolic geometry but also in elliptic. Apart from these minor 
blemishes, the treatment of non-Euclidean geometry, though 
admittedly brief, is satisfactory. For instance, the remark is 
well made (on p. 283) that “Euclidean geometry of three-space 
imposes an elliptic geometry on the ideal plane x 4 = 9. In this 
sense, a thorough understanding of Euclidean geometry in three- 
space requires an understanding of elliptic plane geometry.” 


In the chapter on Topology, the treatment of surfaces is 
misleading. We read (on p. 299) that “Any closed connected 
surface with a boundary is homeomorphic to a disk with b holes 
.-. and is said to have Betti number b.” But how can this des- 
cription be applied to such a surface as a torus with a hole? 
Having used the word “surface” in the sense of “orientable sur- 
face,” the author goes on to describe the Mobius strip, which 
thus inevitably appears as a surface that is not a surface. An i 
accurate classification of both orientable and nonorientable sur- ' 
faces could have been given in the same number of pages (cf. 
Lefschetz, Introduction to Topology (Princeton, 1949), pp. 
73-78). | 








The printing has been well done, the figures are clear, and | 
there is a full index. One of the remarkably few misprints is | 
“Grassman” on p. 262 (and again on p. 315). } 


H. S. M. Coxeter 


WE NEED ADS 


It costs a good deal to publish an issue of the Pi Mu Epsilon 
Journal. Whereas we obtain some money from subscriptions, much 
of our bill must be paid by the Secretary-Treasurer General. If 
those of you who are authors would encourage your publishers to 
place ads with us, that would help a great deal. The rates are 
reasonable: $25 for a full page, $15 for a half page. Can you 
help us? 


















BOOKS RECEIVED FOR REVIEW 


Brixey, J. C. and Andree, R. V.: Fundamentals of College 
Mathematics, New York, Holt, 1954, $6.25. 


Brixey, J. C. and Andree, R. V: Modern Trigonometry, 
New York, Holt, 1956, $3.50. 


Friedman, B.: Principles and Techniques of Applied Mathematics, 
New York, John Wiley and Sons, 1956, $8.00. 


Graves, L. M.: The Theory of Functions of Real Variables, 
New York, McGraw-Hill, 1956, $7.50. 


Meyer, H. A. (Editor): Symposium on Monte Carlo Methods, 
New York, McGraw-Hill, 1956, $7.50. 


Miller, K. S.: Engineering Mathematics, 
New York, Rinehart & Co., 1956, $6.50. 


Neilson, K, L.: Methods in Numerical Analysis, 
New York, Macmillan, 1956. 


Newell, H. E., Jr.: Vector Analysis, 
New York, McGraw-Hill, 1956, $5.50. 


Niven, I.: Irrational Numbers, 
New York, John Wiley and Sons, 1956, $3.00. 


We would appreciate offers from our readers to review the 
books in the above (and future) lists. 


----the Editor 


Q: What is a lemma? 

A,: A lemma is 4 (dilemma). 

A,: No. The idea is, “If you lemma prove this first, then I 
can prove the main theorem.” 








INITIATES 


ACADEMIC YEARS 1955-6 (continued), 1956-7 






ALABAMA ALPHA, University of Alabama 
(April 28, 1956) 


Stevana Boganovich Ausban 
Edith Marilyn Bracknell 
James A, Bryant, Jr. 

C, D. Carlile 

Mary D, Chambliss 

Roger Clyde Comer 

Robert Scott Crowder III 


Bennie G, Culpepper 
James L. Evers 
John Henry Harris 
Joseph W. Herod, Jr. 
James Othel Horsley 
Jared S. Irvine 

John A. Jetton 


Curtis A. Jones 
(May 12, 1956) 
Harry W. Gamble, Jr. 


S. Milo Keathley i 
William C. Keathley i 
Patricia B, Parker 

Ann Richardson 

Nancy Teague 

Warren Clay Tyler 

William Edward Webb 


ALABAMA BETA, Alabama Polytechnic Institute 


J. R. Elliot 
Jackie Bass Garner 


Thomas R. Baxter 
Paul E. Black 
Patricia Booth 

E, C, Bryan 

Thomas D. Burson 
James Robert Clinton 
Byron L. Cockrell 
John A. Cone 
Charles H. Davis 
Joseph Donald Duke 
Marlin Forstrom 
Arthur W. Fort 
Robert C. Francis, Jr. 
Albert Fromhold, Jr. 


(February 14, 1956) 


Margaret Haines 
R. L. Lawrence 


(May 10, 1956) 


Donald D. Giesen 
Byran C. Godde 

James Goodwin, Jr. 
Edward R. Graf 
William F. Hill 
Charles D. Johnson 
Earl T. Kinzer, Jr. 
Carl Jack Lanier 

John Frederick Lyle, Jr. 
Willie L. McDaniel, Jr. 
Barbara Howe McLean 
Samuel E. McRae 
Harry A. Nelms 

Jerry S. Pierce 


Stanley Lukawecki 
Roger Teague 


Peggy Pierson 
Edwin Plunk 
Thomas L. Porter 
Mayrelizabeth Pruitt 
Herbert Reed, Jr. 
Marion H. Riley, Jr. 
Lee M, Saunders 
John Essel Schmith 
Francile Scott 
Grace Marie Smith 
F. L. Smith 

Frank A. Spires 
Clifford Merritt Walker, Jr. 
Robert T. Wingate 


ARIZONA ALPHA, University of Arizona 


Virginia Clover 

Susan Conniff 

Eduardo G. DaSilva 
Joseph Edward Farabee 
Robert B. Fischer 





(May 17, 1956) 


David C, Fried 
Warren M. Griggs 


Thomas Ralph Herndon, Jr. 


Dan W. McKenzie 
Leslie D. McLean, Jr. 
Ralph B. Miller 


John Brooks Scott 
Richard T. Schuirman 
Richard R. Sommerfield 
Tom Tomooka 

Paul Tschampel 





a ED 
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ARKANSAS ALPHA, University of Arkansas 


Patricia Ann Allen 


(April 17, May 1, 1956) 


C. J. Cathey, Jr. 


Max Clinton Gabbard 


Andrew Phillips Lockhart 


CALIFORNIA ALPHA, University of California at Los Angeles 


Chester Andrew Bean 
Fred B. Fielding 
Dwight A. Fine 


(May 12, 1956) 


Alexander Donald Jacobson Leland F. Page 


David E. Logothetti 


Earline Madsen 


David L. Silverman 
Paul L. Warnshuis, Jr. 


COLORADO BETA, University of Denver 


Forres? Luther Blassingame 


Tommie Ray Huffman 


(February 10, 1956) 


Paul William Orris 


Fredric Elmer Swart 


Ralph Rawles Wheeler 
Emest Leon Willette 


DISTRICT OF COLUMBIA ALPHA, Howard University 


Evelyn Marie Andrews 
Gordon Baird 
LaBonnie Bianchi 
Evelyn Boyd 

Herman Branson 
Clementine Brown 


(March 29, 1956) 


Herbert Brown 
Donald Cotton 
Halson Eagleson 
Clarence James 
Juanita Jerome 


Charles McCane 
Arthur McIver 
John Ponds 
Eloise Taylor 
Juanita Tolson 
M. Lucius Walker 


FLORIDA ALPHA, University of Miami 


Beverly Brechner 


Nelson Hanover 
Ned Hill 


(May 12, 1956) 


Patsy L. Jackson 
Arnold H, Lakritz 
Mabel Pauley 

J. H. Ross 
Berard Rothman 
Edward A, Rubin 


Attila Soltesz 
Harvey S. Stone 
Awe y Vincig 
Bernard Wagner 
H. N. Weiss 





GEORGIA ALPHA, University of Georgia 


William Bryson Gardner 





(April 11, 1956) 


Raymond E. Hunter 
Glenn A. Pine 


Nancy M. Reu 





ILLINOIS ALPHA, University of Dlinois 


Khaja Bahauddin 


William Michael Banick, Jr. 


Thomas E. Bonner 
Anna Kathryn Bruce 
Shirley Donney Buckles 
Harold Black Clark 


Gregorio Hernandez Concepcion 


Dorothy H. Crispin 
Gregory Lawrence Curme 
Louis S. Davis 
Patricia Anne Day 
David W. Dean 

Hans Peter Dembowski 
Bipin R. Desai 

Ven Young Doo 

Albert E. Drake 
Edward S. Eby 

George Epstein 

Carl C. Farrington, Jr. 
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Robert Barker Gaither 
Eberhard von Goeler 

Gene Howard Golub 
Marshall L. Hammersly 
Reece Thomas Harris 
Sandra K. Hoffman 

Robert Edmund Holaman 


Edwin George Jackson, Jr. 
Frank Lukenbill Jenkins 
James T. Joichi 

Morris Wolfe Katz 

Don H. Killpatrick 

Evelyn Kendrick Kinney 
Donn L. Klingler 

Lois Marie Lackner 
George Langberg 

Lyle Hicks Lanier, Jr. 


Jia Ding Lin 

Frank Elber Martin 
Hokee Minn 

Donald Earl Myers 
Donald Lee Mykkanen 
George A. Robinson, Jr. 
Matthew Rosenshine 
Harvey Leslie Roth 
David Larry Sachs 
Richard Sandburg / 
William M. Sanders 
Shoji Sato { 
Roger Allen Stafford ; 
Clyde Lovette Sydnor 

Richard Lee Sydnor 

Yolanda Tin-Won Tong 

Edward Emest Ware 

James Xerikos 

Peter Yff 





ILLINOIS GAMMA, DePaul University 


Charter members, initiated on occasion of the installation of the chapter 


Jim Adams 

Soteria L. Adams 
Theodore J. Cullen 
Genevieve Deuel 
Robert J. Donohue 


INDIANA ALPHA, Purdue University 
(Charter Members) 


Frank J. Abrams, Jr. 
Allen C. Billheimer 
Carl Christensen 
Burton M. Cohn 

Fred J. Collins 

Lois Elaine Fry back 
John C. Garrison 
Michael P. Grant 


(October 17, 1956) 


Paul M, Krajkiewicz 
Joseph D, Lenguadoro 
Joan Carole Leonard 
Alfonzo Patric elli 


Jerry L. Hathaway 


David P. Kessler 
Allin D. Kingsbury 
John H. Morrison, Jr. 
Dorothy Jane Myers 
John A. Ottlinger 


Josephine Piechocki 
James F, Schorsch 
Donald R. Smith 

Max J. Striegl 
Thomas D. Weslowski 


Joseph Reader i 
William G. Reinecke } 
Harold A. Sabbagh 
Barbara C. Shultz 
Edward Steinhoff 
Charles Melvin Unger 
William B. Waltman 
Howard B. Witzell 


(Members initiated on the occasion of the installation of the chapter) 


Stevan Alan Baron 





Joseph F. Gross 


J. Ivan Rhode 
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Howard J. Beltran Stewart M, Harris Michael E. Simpson 

Robert E. Brown James A. Kimball Herbert N. Wilson 

William A. Chambers Eusebio L. Koh Lee Wolfson 

Eugene M. Chodash Elaine Jane Longfellow Mary Jane Zuklin 
Richard A. Merz 


IOWA ALPHA, Iowa State College 
(April 19, 1956) 


Patricia A. Arney Jesse Krehbiel James D. Plimpton 
Wesley G. Bentrude Burton J. Loupee Patricia Riggs 

Blythe G. Carlson Alice Marston Raymond Dale Schlueter 
Stanley H. Christensen Charles May J. W. Stroup 

Roger Crane Donald H. McWilliams W. L. Talbert 

Carolyn Dillenberg Marvin G. Mundt Louise Ver Steeg 
Wayne A. Fuller Yuichiro Nishina Richard M. Willett 
Roger R. Hansen Arley V. Parker Billy Dale Williams 
Carol Hoffer Williem H. Williams 


KANSAS ALPHA, University of Kansas 


(April 18, 1956) 
Miguel Cardenas John M. Irwin Clyde D. Rinker 
Sylvia Estes David B. Lehmann Joseph Warren Robb 
Margaret Mary Green Harry L. Nelson David E. Wilson 
Betty Gross Robert Woodruff 


KANSAS BETA, Kansas State College 


(May 3, 1956) 
Raimo Bakis Walter D. Fisher Marjorie G. Masih 
James C. Beard Richard K. Fry Mary Frances Overfield 
Ralph W. Deltenre John Hledik William J. Spencer 


Philip G. Kirmser 


KANSAS GAMMA, University of Wichita 
(November 29, 1955) 


Gary G. Hammer 
(March 23, 1956) 
Sharon Campbell Bennett Laddie Kimbrel Ted Suffridge 
James A. Evans Charles Robison Glen R. Summervill 


Don V. Jackson Arman Seri Marjorie Wilhite 
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KENTUCKY ALPHA, University of Kentucky 


Jan C. Bartlett 

James Sutherland Calvin 
Noel Edwin Cuff 

Vera Ann Cummins 
Robert Lee Deskins 


(April 27, 1956) 


Jack Donald Dockery 
Ralph Allen Hovermale 
William Joseph Jones 
Jackson Benton Lackey 


Frank Levin 


Joyce Marlene Lutz 


Thomas Sherman Rowland 
Garnett Lee Stevens 
Kenneth Edwin Stoll 
Charles N. Vittitoe 
Eugene Dennis Wilhoit 


LOUISIANA ALPHA, Louisiana State University 


J. Rene® Barrios 

Robin D. Bauerle 

Milton William Braden, Jr. 
Augustine J. Corona 
David L. Daigle 

Wayne T. Davis 

John J. Deacon 

Robert J. Flint 


(April 26, 1956) 


Gerald R. Fournier 
Charles R. Fuselier 
E. James Grethe 
Robert Dale Grethe 
Charles M. Higgins 


Jarod Lemoine 


George N. Lobache ff 


Jimmy Mains 

Marcus Ray Majors 

Albert Mitchell McConnell, Jr. 
W. B. Nethery 

Roy H. Odom 

Edwin T. Salvant, Jr. 

Teddy Kenneth Stitzlein 

Irvin T. Strenge, Jr. 


MICHIGAN ALPHA, Michigan State University 


Ralph E. Anderson 
Mary Lou Andrews 
Jane Ann Baldwin 
Nguyen Tu Ban 
Bernard Bartos 

Dean E. Bluman 
Larry E. Bockstahler 
John W. Boyd 


Keith W. Alexander 
Melvin M. Anderson 
Joseph L. Aubel 
Walter L., Bennet, Jr. 
Frederic E. Brewer 
Donald L. Burns 
Charles E. Buxton 
James M. Cantrell 
Clyde E. Coller 
Kathryn Ferguson 


(December 1, 1955) 


Wayne Case 
Dean A. Hanna 


Gordon L. Jendrasiak 


Julian Kately 


Joseph A. Meier 


Josef Meixner 


Michael J. Meixner 
Robert R. Murrel 


(June 5, 1956) 


John N. Ferris 


John T. Greene 

Margo E. Harrison 
Joseph D. Hovanesian 
James W. Jennings 
Harry G. Johnson 


Selwyn Jones 


Patrick G. Maloney 


Janet M. Manz 


Leon F. Sanderson 
Helmut G. Satz 
Frederico M, Sioson 
John J. Solomon 
Harry E. Tomaschke 
Cesare G. Ugianskis 
Jacquelyn Wasco 
Elizabeth S. Williams 


John J. May, Jr. 
Jerry B. McKay 
Hugh T. Mitten 
Richard Plugge 
Robert E. Powell 
Robert Riddle 
Donald J. Smith 
Justin L. Smith 
William Stanke 
Robert G. Williams 
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(March 6, 1956) 
Richard R. Balongue Jerry D. Griffith Richard C. Nicholas 
Dr. Robert L. Blair Jerome H. Hemmye James E. Parker 
Clayton D. Callihan Ronald E. Hileman Anne H. Redmon 
Calvin S. Crimp Noboru Hironaka Vito J. Sarli 
Thomas E. Dergazarian George W. Humphrey Howard T. Shippen 
Richard M. Ford Kenneth C. Klinkner Glen E. Vandenberg 
James E. Foy Frank J. Kosier John L. Wirth 

(June 1, 1956) 
Ronald R. Cagnon Emest R. Grifford Philip J. Thorson 


Norman Horowitz 


MISSOURI ALPHA, University of Missouri 
— (May 11, 1986) 





Fred Lee Alexander Donald Louis Hammond Laurence Bernard Miller 
Donald Lewis Barnett Erwin Charles Hausmann Roger Lee Pape 
Richard White Bowen Robert Louis Hermann Robert Glen Plummer 
Jimmy R. Buell Joyce Ann Hobbs Ronald William Reagin 

: John H. Cartwright Eugene F. Horstman Richard Loyle Salmon 

: David H. S. Cheng James Noble Jackson Curtis Francis Schelich 

| Wayne Woosley Cribb, Jr. James Bemard Jennings Alan Douglas Skouby 

/ Robert Dean Field Thomas Frederick Kimbrel John Lloyd Sutterby 

: Marvin Elmer Frerking Donald Kay Kirby Eric D. Swanson 

i Marion Arnold Gebhardt Richard George Laatsch David Brossart Taylor 

| Clovis Dean Gentry Robert Hugh Leuther Gus Theodore 

| Ludwig Adam Gritzo William Eule Magruder Charlene Rae Vierheller 

j Edward Jerome Hackman Ralph Shapley Martin Randolph M. Wright 


| Henry A. Meise, Jr. 


H MISSOURI GAMMA, St. Louis University 
t 
(April 19, 1956) 
t 
’ 


Dale A. Anderson Leo Esswein Sr. M. Hermina Oeding, OP. 
Richard M. Andres Richard T. Fritsche Joseph O’Neil 
Len Solomon Austin Richard D. Gale J. Beptist Pan, S. J. 
Pauline C. Baltz John W. Gierer Suzanne Pierce 
Joseph L. Baudrexl William Henry Ginger Ronald T. Podsiadlo 
Jack Bierk John Groves Ivan Reddington 
| Andrew Bonetti Robert A. Heinze Thomas L. Rehg 
| Francis Boudreau William B. Herr, Jr. Richard V. Ridings 
Charles L. Bradford James E., Hilferty Richard P. Robnett 
James G. Broerman Marvin Hesterberg John M. Roche 
Peter Butkewicz Richard E. Jose Frank D. Rolf 
Ozie B. Carter Edward Juenke Robert Rutledge 
Rev. Robert Chatelain,O.M.I. Stanley Kimball Robert L. Schandler 
Jack Coats Bemardine Law Edward A. Sharp, S. J. 
Charles P. Conway Dana Laycock James W. Smith 
Donald S, Czekanski Joseph Marcantonio John Stewart 


Urban A. Daniel, Jr. James Matthews 
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Dean Z. Douthat Michael D. McDonald George C. Thien 

John J. Dowling Bruce D. McNeill Sr. Alberta Uzendoski 
Richard T. Doyle William Messmer, S. J. William J. Walz 

Lorne Drury Sr. Gregory Marie Meyer,OSF. Richard J. Ward, Jr. 
Bernard W. Duda Gerald J. Mossinghoff George A. Watson 
Frank A. Duda Edward F. Mundel Jack Weiss 

Edwin Eigel, Jr. Sr. M. Redempta Nedumpilly Robert A. Worman, S. J. 
Alvaro G. Espinoza William R. Niehaus Douglas Yando 
Lawrence Esswein Harry A. Nienhaus, Jr. Philip Zwart 





Joseph Oberkirsch 


MONTANA ALPHA, Montana State University 
(November 9, 1955) 
Patricia Joan Finney Robert Edward Tidball 
(February 8, 1956) 


Susan Marie Blake William Erhard Robert Owen Peacock 
Audra Elizabeth Browman Stuart Cort Gallagher Donald Vincent Sward 
Thomas Douglas Egan Hugh Davis Moore Olav Tjosaas Vik 


Marilyn Marjorie Moore 


NEBRASKA ALPHA, University of Nebraska 


(May 15, 1956) 
Bruce Edwards Anspaugh Lloyd D. Jacobs Enuenwemba Obi 
James Marion Bunch Neil W. Johnson James Walter Souders 
Dennis Lee Coleman William J. Lannan Thomas Detlor Stitt 
James Louis Eagan Paul Bernard Liebelt Konrad Suprunowicz 
Leonard Du Bois Fountain Henry Robert Mertz Victor August Weis 


Ralph LeRoy Mortimore 


NEVADA ALPHA, University of Nevada 
(April 18, 1956) 


Charles Raymond Amold Kenneth Courtney Kemp Joseph R. Slico j 
Jacob Andrew Farragher Clarence Robert Richardson LEthelind Steinheimer : 
Richard Morris Gillette Warren Heath Shelton John S. Winston 


Donald Skabelund 


NEW YORK ALPHA, Syracuse University 
(March 3, 1956) 


ASE NARA sensi te 


Carmen Delcioppo Paul E. Kelly Billie Rosenthal 
Victor Goldschmidt Robert Kolker Karl Springarr 
George Herz James Mathewson Velma Van Voris 
Joan Hilbert Barbara L. Miller Virginia Verhey 
John Holt Norman Pieniaszek James Yarrington 


Joseph Ranucci 





se tl cit a 
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NEW YORK BETA, Hunter College 
(April 9, 1956) 


Ginette Jacob 


NEW YORK GAMMA, Brooklyn College 


(April 20, 1956) 
Norman Bein Jacob Greenhaus Helene Monoznik 
Serayah Berman Meyer Holtzberg Eugene Odin 
Helen Bowden Ellis Johnson William Rolnick 
Toby Deitch Elaine Koppelman Elinor Stern 
William Dorf Arnold Lapidus George Tessler 
Herbert Fleisher Maurice Machover Irwin Tobias 


Visvaldis Mangulis 


NEW YORK EPSILON, St. Lawrence University 
(April 9, 1956) 
William T. Buckley Gail E. Millard John E. Shuttleworth 
Gary H. Conners Raymond A. Robertson Peter Von Esch 
NEW YORK ETA, University of Buffalo 
(April 18, 1956) 
George E. Decker Sylvia Margaret Henzler Judith Ann Schneider 
Oran H. Goehring Leonard Daniel Rinaldi Helen Bernadine Wamer 
Eugene Paul Rozycki 
NORTH CAROLINA ALPHA, Duke University 


(January 5, 1956) 


William Craig Connor Allen Mead Dolores Urquiza 

Joseph Wallace Little Phillip Eugene Shaw Robert Hamlin Waser 
(March 14, 1956) 

Richard Carlysle Bain, Jr. Darryl Wade Copeland John Arthur Paar 

Virginia Claire Best Marvin Mack Crutchfield James Webb Redmond, Jr. 

Thomas Johnson Booker David Tea Evans Charles Clifton Richardson 

Elizabeth Anne Bringhurst Hugo Jose Finol Gordan Hearst Rosser, Jr. 

Robert Burton Brownell! Robert Wilbur Hankins Arlene Esta Segal 

Donald Smiley Burdick Donald Thomas Knauss William Joseph Spencer 

John Frederick Calvert William Cobb Lane Jack Caldwell Williams 


Constance McKnight Malmar 
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NORTH CAROLINA BETA, University of North Carolina 


Charles Theodore Fike 


Raymond Fletcher Snipes 


Fred Edward Besco, Jr. 
Robert Alan Brown 

Sam Ray Coriell 
Amadeo Dabul 

Edward Kennan Damon 
Roy Conrad Dixon 
James Edward Duemmel 


Delmer L. Thomas 


Gary Duane Blue 
James Cable Burns 
Hall Leinster Crannell 


Carl C. Crell 
Walter Brumby Fowler 


Elizabeth Louise Armstrong 


Donald William Bartlett 
Robert Arthur Fetters 
John William Green 
Nancy Louise Jamison 


Ronald Heath Fanning 
Carolmarie Koltner 


(February 23, 1956) 


Edwin Alfred Traynor 
Luther Lee Trexler 
James Fairchild Wilkins 


OHIO ALPHA, University of Ohio 


(May 25, 1956) 


Robert Earl Fenton 
Norma M. Frey 
Vemon Gale Graham 
Martin Helling 

Wen Chung Hung 


Lawrence William Jordan, Jr. 


David P. Macarus 


Richard Herbert McFarland 


(June 1, 1956) 


OHIO DELTA, Miami University 


(December 6, 1954) 


James Speer Glasgow 
Richard Henry Hudson 
James Gerhart Jones 
Nancy Lou Kirker 


(May 2, 1955) 


Arlo Udell Landolt 
Benjamin Whisoh Lee 


(November 17, 1955) 
Ralph Vincent Kinney 
Marvin Lee Lader 
Thomas Dudley Lewis 
Bruce Baldwin Mudge 
Sally Sue Nieman 

(May 4, 1956) 


Donn Robert Martin 


Sarah Irene Williams 
Warren Christie Willig 


Francis William Niedenfuhr 


Charas Phalakarakula 
James Howard Renken 
Ronald Morton Smith 
John Frederick Tschanz 


Urban Alfred Von der Embse 


Robert Grieg Ward 


OHIO GAMMA, University of Toledo 


Harry Myles 


Gary Allyn Samuels 
Barbara Stringer Stokes 
Walter E. Williams 


Joseph Roger Priest 
Jens Christian Zorn 


Leonard Edgar Porter 
John Martin Puvogel 
Gerald Allen Smith 


Thomas Duncan Swepston 
George Francis Tornay, Jr. 


James Douglas McDowell 
William T. Rhoades 
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OHIO EPSILON, Kent State University 





Charter Members 

(May 4, 1956) 
Grace L. Abhau Roger M. Cole Joseph D. Kern 
Olga Marie Bellay Lila J. Crites Leland W. Knauf 
Pat W. Camerino Jo Ann L. Ellis Gerald Lange 
Adam Burt Cibula Barbara Ann Hampson Carl D. Lowenstein 
Paul C. Claspy Carol Ann Ittner Annabelle Sheaffer 

Ruth Ann Johnson 
(Members initiated on the occasion of the installation of the chapter) 

(May 4, 1956) 
James E. Gagen Russell Y. Iwanchuk Robert J. O’Hearn 
Harry J. Grim Marvin L. Johnson Jingyal Pak 
Francis X. Heighway Alexander Kennedy Thomas J. Pratt 
John E. Heighway Hee J. Kim Ronald D. Todd 


Lloyd L. Lowenstein 


OKLAHOMA BETA, Oklahoma A. & M. College 


(January 13, 1956) 


Earl Howard Gilmore Lawrence F. Jelsma Ruben David Kelly 
(May 17, 1956) 

Melvin Arthur Albright Ralph W. Fisher William A. Sorge 

Joe E. Boucher Harold T. Fristoe John Spragins 

Josd W. Bustamante Edwin N. Myers John Stakle 

E. L. DeShazo, Jr. Leone Yarborough 


OREGON ALPHA, University of Oregon 


(May 22, 1956) 
Morton Phillip Berenson Hwa Suk Hahn Herman Rubin 
Patrick Carr George Kenneth Hemphill Norman Franklin Seidenverg 
Gordon Bradley Crawford Eugene Yiu-Kin Mak Verbal Merle Snook 
Clarence Ellwyn De Jean Carl Mark Charles Stevenson 
Alvin Leo Denham David Moursund Tokihiko Suyehiro 
Gordon Diebel Donald Andrew Nissen Donald Gary Swanson 
Kenneth Emerson Barbara Ann Pitcher Walter Max Woods 
John Thad Flaxel Sally Louise Powers Marjorie Louise Ziniker 


Donald Robert Groff Mary Anne Ziniker 





Wendell V. Amtzen 


Donald Amos 


Kie Y. Ahn 

John S. Anderson 
Merlin F. Anderson 
George C. Arrowsmith 
Philip C. Bettler 
James L. Blazier 
Osei K. Bonzu 

David E. Burge 

Kee K. Chin 

David L. Clark 

David B. Dickmann 
David Eng 

Robert R. Groner 
Elanore R. Haverkamp 
Leonard L. Hovey 
Robert E. Hughes, Jr. 


PI MU EPSILON JOURNAL 


(November 16, 1955) 


Elizabeth R. Fedde 
Jack A. Horrigan 


(February 26, 1956) 
Rohert N. Brenne 
(May 23, 1956) 


Myron R. Hurlbut 
Robert J. Jirka 
Evan R. Johnson 
John Kohfeld 
Hiroshi Kojima 
Kye Sung Lee 
James A. Long 
Gerald F. McGowan 
William C. Palmberg 
Edward L. Petersen 
Jerry R. Peterson 
Donald N. Pierson 
Leroy L. Presley 
John E. Rauch 
Arliss D. Ray 
Richard C. Sadler 
John A. Schnautz 


OREGON BETA, Oregon State College 


Ernest G. Kimme 


Albert W. Kratzke 


Adolph Schulbach 
John J. Scoville 
John O. Sheldahl, Jr. 
Richard N. Smith 
Hennok Soot 
Reginald B. Sutherland 
Gregory E. Tanyi 
Shy-Chun Tao 

Dale B. Ulm 

Henry Van Calcar 
Ronald B. Walker 
Jin Tsai Wang 

Carl P. Wiedow 
Kheong Hun Wong 
John L. Wright 

John M. York 


PENNSYLVANIA GAMMA, Lehigh University 


De Lamar T. Bell, Jr. 
Samuel F. Burkhardt 
Larrimore B. Emmons 
John M, Erdman 
George R. Evanega 
John F. Heuchert 


(March 7, 1956) 


William P. Kutz 
Andrew Latta 
Raymon P., Oberly 
Theodore G. Otto 
John P. Petraglia 


Lawrence F., Schmoyer 
Peter R. Schuyler 
Richard H. Simpson 
Gerald J. Smith 
Ronald W. Swanson 
Albert D. Warren, Jr. 


PENNSYLVANIA DELTA, Pennsylvania State University 


Stephen Behman 
Webb T. Comfort 
Glenn W. Cumblidge 
Charles S. Duris 





(May 18, 1956) 


Harold R. Gongloff 
Howard S, Hall 


Herbert Million 


David M. Rockmore 
Walter A. Sillers 
Gervydas Simaitis 
Ian B. Strong 
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PENNSYLVANIA EPSILON, Carnegie Institute of Technology 


Shakir Ahmed Abbas 
Peter Ambler Carruthers 
Kenneth Thomas Davies 
Underwood Dudley 


(May 14, 1956) 


David Rogers Harrington 
Regis Herbst 
Kenneth Scott Kretschmer 


John Lander Leonard 
James Leslie Morrison 
William Eugene Newell 
Thomas August Porsching 


WASHINGTON BETA, University of Washington 


Eldon Earl Bell 


(May 22, 1956) 


Elizabeth Eleanor Hurlbut 


Burnett Roland Toskey 


Myra Waterhouse 


WISCONSIN ALPHA, Marquette University 


Philip J. Coverdale 
Fr. Theodosius Demen 


John J. Gart 
Tomas J. Glass 
Ferdinand J. Gunther 


Ann Gaye Bannon 
Thomas A. Bosshart 
Michael Owen Brinkman 


John H. Barton 
Lawrence G. Deysach 
Robert A. Gehrke 
James M. Geyer 
Thomas Krolikowski 
Peter A. Mercola 


(January 12, 1954) 


Sr. M. Justine Pohl, OSF. 
Wayne Koehler 
Mark W. Mandelker 


(May 15, 1954) 
Michael J. Hadfield 
Richard E, Laskowski 

(December 13, 1955) 
Lewis J. Mathers 
Stuart T. McComas 

(May 1, 1956) 
Robert E. Mierendorf 
Tom F. Miotke 
Mary M. Mistele 


Marvin J. Mundshau 
Marleen A, Pytlick 


Richard L. McGregor 
Richhardt W. Reichardt 


Robert L. Mertz 
Edward S. T. Pan 
Neal O. Reinders 


Richard Lawrence Rolf 
John Scholmeier 
Rita M. Wolbert 


Raymond G. Schliesmann 
George Roger Sell 
Thomas J. Slattery 
Joseph P. Spetz 

Thomas N. Tischer 
John VanRyzin 


WISCONSIN BETA, University of Wisconsin 


Edwin Albert Bathke 
Howard Emmett Conner 
Francis J. Flaherty 


(May 23, 1956) 


Robert Arthur Haberstroh 
Thomas J. Katz 
Robert B. Polansky 


Donald Ray Sherbert 
Marilyn Ann Tasker 
John Benson Wood 








NEWS AND NOTICES 


Professor Ruth W. Stokes of Syracuse University, formerly 
editor of this Journal, has a year’s leave of absence and is 
visiting lecturer at the American University of Beirut, Beirut, 
Lebanon. 


* * * * * 


New chapters of Pi Mu Epsilon were installed at Florida 
State University (October 5, 1956) and at DePaul University 
(October 17, 1956). Chapters are soon to be installed at 
Southern Illinois University and Sacramento State College. 


Congratulations! 


* * * * * 


It is planned to have a Pi Mu Epsilon convention in con- 
junction with the mathematical societies’ summer meetings at 
Pennsylvania State University. We hope many of you will plan 
to be there. 


There will be sessions for student papers. What the editors 
hope is that you will have your papers written in a form to sub- 
mit for publication in this Journal. 


* * * * * 


Last year the chapters voted to give $300 to assist in the 
formation of a sister organization on the high school level at 
such time as the council deemed the gift proper. The council 
has voted to make the gift at this time. Chapters wishing to 
suggest high schools thought worthy of membership in a 
National High School Mathematics Club, are asked to forward 
this information along with the name of the teacher most likely 
to sponsor such a club to Secretary-Treasurer General Andree. 


* * * * * 


We need an address for Robert J. Kolker, Albany, New York. 
Can anybody help us? 








NEWS AND NOTICES 


Pi Mu Epsilon Member Receives Rotary Fellowship 
For Overseas Study 


Evanston, Ill., August, 1956 ---- Sally Ann Simmons of Mount 
Olive, North Carolina, a member of Pi Mu Epsilon, will attend the 
University of Liege, Belgium, as a Rotary Foundation Fellow dur- 
ing the 1956-57 academic year. One of 123 young men and women 
from 33 countries to receive a grant this year from the world-wide 
service club organization, she will study mathematics. The Ro- 
tary Club of Mount Olive recommended her for the Fellowship. 


Miss Simmons received the Bachelor of Arts degree in mathe- 
matics from Duke University in Durham, North Carolina, in Janu- 
. ary, 1956. At Duke University, she was elected to Pi Mu Epsilon; 
Phi Beta Kappa, honorary scholastic society; Tau Psi Omega, 
honorary French society; and Ivy, honorary freshman scholastic 
society. She held an Alice M. Baldwin Scholarship for 1954-55 
and was on the Dean’s Honor List every semester. 





cielo 


While in college, she was employed part time as Technical 
Assistant in the Mathematical Sciences Division of the Office of 
Ordnance Research of the United States Army. A member of the 
Sigma Kappa social sorority, she served as organist for the Veter- 
an’s Hospital and president of summer student government at the 
university. She was also active in intramural sports. 


- {ita R Rina NES hi 


The Rotary Foundation Fellowships program was inaugurated 
in 1947, as one of Rotary’s contributions toward the promotion of 
international understanding, good will, and peace. To date, 828 
young men and women from 61 countries have been awarded Ro- 
tary Fellowships for a year of graduate study in 40 countries. 
Total grants since 1947 are in excess of $2,000,000. 


* * s 2 * 


‘Dr. Peter Chiarulli (7™ME, Brooklyn College) has been ap- 
pointed chairman of the department of mechanics at Illinois Insti- 
tute of Technology, Chicago. 











Alabama Alpha 
5-1922 
Alabama Beta 
54-1953 
Arizona Alpha 
40-1941 
Arkansas Alpha 
21-1931 
Califomnia Alpha 
12-1925 


California Beta 
19-1930 


California Gamma 


Colorado Alpha 
33-1936 (Inactive) 
Colorado Beta 
50-1950 
Delaware Alpha 
41-1941 
D. C. Alpha 
52-1951 
Florida Alpha 
51-1951 
Florida Beta 
61-1956 
Georgia Alpha 
29-1934 
Indiana Alpha 
59-1956 
Illinois Alpha 
7-1924 


Illinois Beta 


42-1944 





Pi MU EPSILON ADDRESS LIST 1956 





Dr. Herbert S. Thurston, Box 1453, 
University, Alabama. (Univ. of Alabama) 


Prof. S. L. Thompson, Department of Math., 
Alabama Polytechnic Inst., Auburn, Ala. 


Dr. Roy F. Graesser, Department of Math., 
Univ. of Arizona, Tucson, Arizona. 


Dr. Bernard H. Gundlach, Dept. of Math., 
Univ. of Arkansas, Fayetteville, Arkansas. 


Prof. W. T. Puckett, Department of Math., 
UCLA, Los Angeles 24, California. 


Mrs. Sophia McDonald, Dept. of Math., 
Univ. of California, Berkeley 9, California. 


Prof. Louis C. Graue, Sacramento State 
College, Sacramento, California. 


Prof. Jack R. Britton, Department of Math., 
Univ. of Colorado, Boulder, Colorado. 


Dr. O. M. Rasmussen, Department of Math., 
Univ. of Denver, Denver 10, Colorado. 


Dr. E. Vernon Lewis, Department of Math., 
Univ. of Delaware, Newark, Delaware. 


Dr. George H. Butcher, 2641 Myrtle Ave., NE, 
Washington, D. C. (Howard University) 


Mrs. Georgia Del Franco, Dept. of Math., 
Univ. of Miami, Coral Gables, Florida. 


Prof. Howard E. Taylor, Dept. of Math., 
Florida State Univ., Tallahassee, Florida. 


Prof. Hugh Stanley, Department of Math., 
Univ. of Georgia, Athens, Georgia. 

Prof. Charles R. Hicks, Dept. of Math., 
Purdue Univ., Lafayette, Indiana. 

Prof. Joseph Landin, 301 Math. Building, 
Univ. of Illinois, Urbana, Illinois. 


Dr. J. C. E. Dekker, Lunt 211, Northwestern 
University, Evanston, Illinois. 


259 














2 RR ars AI 





1956 PI MU EPSILON ADDRESS LIST 260 


Illinois Gamma 
62-1956 
Illinois Delta 


Iowa Alpha 
6-1923 
Kansas Alpha 
16-1928 
Kansas Beta 
31-1935 
Kansas Gamma 
49-1950 
Kentucky Alpha 
14-1927 
Louisiana Alpha 
38-1939 
Maryland Alpha 
60-1956 
Michigan Alpha 
39-1940 
Missouri Alpha 
4-1922 


Missouri Beta 
11-1925 
Missouri Gamma 
43-1945 
Montana Alpha 
9-1925 
Nebraska Alpha 
15-1928 


Nevada Alpha 
57-1955 


Prof. Louis M. Weiner, D. of M., Room 311, 
DePaul Univ., 64 E. Lake St., Chicago 1, Ill. 


Prof. Morton R. Kenner, Dept. of Math., 
Souther Ill. Univ., Carbondale, Illinois. 
Prof. Fred Wright, Beardshear 218, lowa 
State College, Ames, Iowa. 


Prof. Wealthy Babcock, 209 Strong Hall, 
Univ. of Kansas, Lawrence, Kansas. 


Prof. J. M. Marr, Department of Math., 
Kansas State College, Manhattan, Kansas. 
Prof. C. B. Read, University of Wichita, 
Wichita 14, Kansas. 


Prof. H. H. Downing, Department of Math., 
Univ. of Kentucky, Lexington, Kentucky. 


Prof. Houston T. Karnes, Dept. of Math., 
Louisiana State Univ., Baton Rouge, La. 


Prof. Justin MacCarthy, Dept. of Math., 
Univ. of Maryland, College Park, Md. 


Prof. J. S. Frame, Department of Math., 
Michigan State Univ., East Lansing, Mich. 


Miss Mary Cummings, 212 Eng. Building, 
Univ. of Missouri, Columbia, Missouri. 
Prof. H. M. MacNeille, Department of Math., 
Washington Univ., St. Louis, Missouri. 
Prof. Francis Regan, Department of Math., 
St. Louis Univ., St. Louis, Missouri. 

Dr. Joseph Hashisahi, Montana State Univ., 
Missoula, Montana. 

Dr. Earl J. Schweppe, 219 Burnett Hall, 
Univ. of Nebraska, Lincoln, Nebraska. 


Prof. E. M. Beeslay, University of Nevada, 
Reno, Nevada. 
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New Hampshire Alpha 


45-1948 

New Jersey Alpha 
56-1954 

New York Alpha 
1-1914 


New York Beta 
10-1925 


New York Gamma 


26-1933 


New York Delta 
28-1933 

New York Epsilon 
30-1935 

New York Zeta 
34-1937 (Inactive) 

New York Eta 
53-1951 

New York Theta 
55-1953 

N. Carolina Alpha 
24-1932 

N. Carolina Beta 
46-1948 

Ohio Alpha 
2-1919 

Ohio Beta 
13-1927 

Ohio Gamma 


32-1936 


Ohio Delta 
48-1949 


Prof. Fredrick Cunningham, Dept. of Math., 
Univ. of New Hampshire, Durham, N. H. 


Dr. Harold Grant, Dept. of Math., Rutgers 
University, New Brunswick, New Jersey. 


Prof. Nancy Cole, Department of Math., 
Syracuse Univ., Syracuse 10, New York. 

Prof. Isabel C. McLaughlin, Dept. of Math., 
Hunter College, 695 Park Ave., N.Y. 21, N.Y. 
Dr. William Forman, Department of Math., 
Brooklyn College, Bedford Avenue and Avenue 
H, Brooklyn 10, New York. 

Prof. John van Heijenoort, New York Univ., 
100 Washington Square E., N. Y. 3, N. Y. 


Prof. Ruth M. Peters, Department of Math., 
St. Lawrence Univ., Canton, New York, 


Prof. Paul J. Schillo, Department of Math., 
Univ. of Buffalo, Buffalo 14, New York. 


Prof. H. Pollard, Department of Math., 
Cornell University, Ithaca, New York. 

Prof. F. G. Dressel, 309 Frances Street, 
Durham, North Carolina. (Duke University) 
Dr. John W. Lasley, Jr., Dept of Math., 
Univ. of North Carolina, Chapel Hill, N. C. 
Prof. Earl J. Mickle, Ohio State University, 
Columbus 10, Ohio. 

Prof. Philip C. Stanger, Dept. of Math., Ohio 
Wesleyan University, Delaware, Ohio. 

Miss Violet Davis, 1914 Evansdale. 
Toledo 6, Ohio. (University of Toledo) 


Dr. Melvin Bloom, Upham Hall, Miami Univ., 
Oxford, Ohio. 
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Ohio Epsilon 
58-1956 
Oklahoma Alpha 
18-1929 
Oklahoma Beta 
35-1938 
Oregon Alpha 
22-1931 
Oregon Beta 
36-1938 
Penna. Alpha 
3-1921 
Penna. Beta 
8-1925 
Penna. Gamma 
17-1929 
Penna. Delta 
20-1930 
Penna. Epsilon 
44-1947 
Virginia Alpha 
47-1948 
Washington Alpha 
23-1931 (Inactive) 
Washington Beta 
25-1932 
Wisconsin Alpha 
27- 1933 
Wisconsin Beta 
37-1939 
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Prof. E., T. Stapleford, Department of Math., 
Kent State University, Kent, Ohio. 


Prof. Dora McFarland, Dept. of Math., Univ. 
of Oklahoma, Norman, Oklahoma. 


Dr. R. B. Deal, Dept. of Math., Oklahoma A 
and M College, Stillwater, Oklahoma. 


Dr. Robert L. San Soucie, Dept. of Math., 
University of Oregon, Eugene, Oregon. 
Prof. George A. Williams, Dept. of Math., 
Oregon State College, Corvallis, Oregon. 
Dr. Pincus Schub, Dept. of Math., Univ. of 
Pennsylvania, Philadelphia 4, Pa. 

Prof. William I. Miller, 220 S. 3rd Street, 
Lewisburg, Pa. (Bucknell University) 
Dr. Albert Wilansky, Dept. of Math., Lehigh 
University, Bethlehem, Pennsylvania. 
Prof. Orrin Frink, Dept. of Math., Pennsyl- 
vania State Univ., University Park, Pa. 
Dr. Marlow Sholander, D. of M., Carnegie 
Institute of Technology, Pittsburgh, Pa. 


Prof. E. Sherman Grable, Box 45, University 
of Richmond, Richmond, Virginia. 


Prof. Lee H. McFarlan, Dept. of Math., Univ. 
of Washington, Seattle 5, Washington. 


Dr. H. P. Pettit, Dept. of Math., Marquette 
University, Milwaukee 3, Wisconsin. 

Pi Mu Epsilon, Dept. of Math., University of 
Wisconsin, Madison 6, Wisconsin. 











BALFOUR SERVICE ..... Worthy of Your Trust 


Around the world, the name of Balfour 
has become the symbol of highest 
quality, fine craftsmanship and friendly 
service. 


As your official jeweler, we pledge 
again our continued service so that we 
may be worthy of your greatest trust. 


PRICE LIST 

Standard Key, 1 piece, 

eee ee a a ne ee $3.75 
Standard Key-pin, 1 piece, 

BO NE ee ee Pear en ee 
Standard Key, 3 piece with applied ends, 

Te BE ew Se CEA ga a ae RD 
Standard Key-pin, 3 piece with applied ends, 

i SG we ee 5.50 
Standard badge or pin, 

10K gold. .... a eo ES 


TAXES: Add 10% Federal Tax and any State Tax in effect to 
prices listed. 


REGULATIONS: All orders must be sent on official order blanks. 








L. G. Balfour Company Date 

Attleboro, Massachusetts 

Please send: Samples: 

C) Blue Book O Stationery 
(_] Knitwear Flyer C) Invitations 
0 Ceramic Flyer C) Programs 
CJ Badge Price List C) Place Cards 
Name 1 ME 
Address 
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L. G. BALFOUR COMPANY 
Attleboro, Massachusetts 








Now available: 


‘PROFESSIONAL OPPORTUNITIES IN MATHEMATICS 
Second Edition: January 1954 
A Publication of the Arnold Buffum Chace Fund 


The report of a Committee of the Mathematical 
Association of America, consisting of H. W. Brinkmann, 
Z. 1. Mosesson, S. ‘A. Schelkunoff, S. S. Wilks, and Mina 
Rees, Chairman. 


24 pages, paper covers 


25¢ for single copies; 
10¢ each for orders of ten or more 


Send order to: Harry M. Gehman, Secretary-Treasurer 
Mathematical Association of America 
University of Buffalo 
Buffalo 14, New York 






















Do you need 
A Trigonometry Text that (Holt) 
really prepares students 
for calculus ?. 
FUNDAMENTALS 
+ THIs Is IT + OF 
COLLEGE MATHEMATICS 


by BRIXEY & ANDREE 
A well integrated course 
in 
Freshman Mathematics 


including 








Polynomial Calculus. 
NE Weg-- spepuvig--uoOoUy YdopuLY--jfo230q --puTTysy 





& Maryland--Xavier--Wellsey--California--Tufts--N. J. 
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